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PEHFACR. 

No  attami^t  has  been  made  in  thi;->  tliosiH  --.o  novor  Mie  whole 
field  of  Phase  Trannf o-^nat ion .  In  fact, only  a  very  ninall  i^ortion 
of  the  subject  is  treated.  Chaptei"  IX.  is  "-.he  essence  of  the 
thesi^'  as  fa^^  as  T-eal  experiine  ital  y70T«iv  is  conceT'ned.  This  chap- 
ter tahes  up  in  detail  the  different  characteristics  of  the  syn- 
chronous co2iverter  as  a  phase  trnn^f oT^mer .  Not  all  of  the 
phase  combinations  ovtlin-r-id  vrere  tT'ied  ov/ing  to  lacl  of  time. 

Considering  the  number  nf  operations  that  may  be  performed 

with  a  synch "onous  converter  it  is  a  remarKably  useful  machine. 

ji 

A  nev;  line  of  investigation,  caT^^^ied  out  b}'  the  author  in 
accoMance  \!±th  the  suggestions  of  M^".  L\;.dv;i^-;  Gu^iiarari . Consulting 
:Rle';trical  ^,ngin  v^r  of  Peoria, 111.  , is  also  t'^'eated  in  GhapterlX. 
Mr.  CTutnann '  s  idea  v/as  to  operate  a  double-current  generator- 
or  synnhronous  converter  as  a  one  to  thr-.-^e-phase  transf^Tiasr 
by  applying  single-phase  current  to  the  conunutator  end  of  the 
armature  and  tal.ing  out  th'"ee-:"hase  currents  at  the  slip-ring  end. 
The  operation  is  su^cessfil  when  th^  transforming  device  is 
rotated  mechanically  but  no  machine  h^^s  as  yet  been  co  . struct ed 
v/hich  v;ill  start  itself  when  the  single-phase  current  is  applied 
at  the  commutator  e]"id. 

Mr.  GT:.tmann*s  plan  "vas  extended  to  a  tv;o-to  three-phase 
transformation  in  'he  same  manner, as  described  in  Chapter  IX. 
The  experiment  did  not  p-rove  suoce^-sful  but  it  v/as  not  deiion- 

■/-.     On  '",he  pro 'uction  of  Rotary  I'lagn'^tic  PielrUi  by  a  Single- 
Alternating  Current , Ludwig  Gitmann  .  American  Institute  of  Elect- 
rical Engin'^^ers ,  vol .  11 ,  Dec .  19 ,  1P94 . 


;u.uc: 


Rtrated  to  the  natirfaction  of  the  f>.uthor  that  it  nouin  not  he 
oar7*i«)d  out.     The  Chapters  on  ri.evelopiaent  ,clef5ign,  oonRt  ruction 
and  applications  of  phase  transf o-^^mern  are  neoeMsarily  brief. 
Concerning  these  features  of  the  subject  a  list  of  booKs  and 
:^eferenGes  is  given  which  may  he  consulted. 

The  following  ::iay  be  considered  as  the  essential  points 
bT-ought  out  in  the  investigation  of  the  synchronous  phase  con- 
verter : 

1.  The  efficiency  of  transf or-nat ion  i«  rather  lo'j. 

2.  The  machine  is  not  econoiiiical  v;hen  u^-;ed  simply  for 
phase  transf oT^nat ion . 

3.  The  voltage  i^egulation  is  poor, 

4.  Air-.illiary  sta■^'ting  devices  are  necessary  unless 
direct-current  is  supplied. 

5.  The  machine  may  ho^veve-^  be  operated  economically  v;hen 
used  as  a  rotary  conve^^ter  as  v;ell  as  a  phase  t^^ansf o^^mer , 

6.  The  input  pov/e-"  factor  can  be  adjusted  by  varying  the 
excitation.  Unity  pov/er  facto-^-*  is  pospiible  at  any  load. 
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SYLLABUS. 

PHASE  TRAK^SF0P.M?:KS  yiND  TRAIISFCPMATION. 

I .  De^  elopuent  of  Ph^Re  Trannf ormer?  and  TrariRf  orr.at  ion . 

1.  -On  "^h^  pha^'.'-^  t^'-msf  ornation  of  elect:^.ioal  f^nergy  ;riet,ho(lr- ;  etc  . 

2.  -Hint o-"ical  development  : -ty-i:^:^,  of  phase  transf  ornerR . 
."^  .-Reve-^Riiiility  of  phase  tT^ansfonnat  inns  ;  except  ions ! 

II.  TKEOPY  AND  P  IIICIPLES  OT^  PHaSE  TPaNSFO^MATION. 

1.  -Cfeneral  principles  ;( a  )  static  and  -notary  transf o"^iners . 

2.  -Relation  hetv/een  phase  tran^^f oT^me-i^s  and  similar  apparat;  s  for 

other  purposes ,v7ith'' "  the  sarae  classification. 
^"^  .-Armature  inductance  and  T-e^ctions  in  rotary  types. 

III.  CLASSIFICATIOF .-  (A.I.E.E.  Pep. Com. oi.  Standardization). 
1  .-General :  Synchronous  coniriutat ing  machin-^s  or  converters . 

Excitation : 'separately  excited, or*  self  ,^xcit ed ;  exainples. 
"Aconverter  is  a  rotary'  device  f^or  transforming'  elec'.ric  en- 
ergy fro:;  one  fo^m  into  -mother  v:ithout  passing  it  through 
the  int ermedia-'-'y  fo-^n  of  mechanical  energy." 
2. -General:  Stationary  inductio]!  apparatus:-  "Stationary  appar- 
atus changing  elect -"ic  energy  froiri  one  fo^^n  into  another, 
v/ithout  pn'-^sing  i'.  thi^ou^^h  an  intermediary  for:    of  energy." 
Special:-  Transfo"nmer  in  \7hich  p'^imary  and  secondafn/  colls  are 
electrically  insulated  fron  each  oth^r. 

Subdiviasion :  -  Phase  transfoTTjers ;  pol3^phase  to  polyjihase  or 
polyphase    to  single-phase  transformation;  and  vice ' vsrsa ; exampBs  | 
."^.-General:-  Potary  induction  apparatus , -primary  and  secondary  | 

vjir|r^iT1gR   -rntfltiTlg  vrit.Ti   T'<=in-  R^^t    to   each    othFj-p,   I 


iv. 

SpevTial:-  Rotary  phase  Gonvertr-irF?  •  exavi  I^b, 

IV.  DESIGN.     (General  and  Special  acGord.inf;  to  type.  ) 

1 .  -Allov/anceF! ,  oonstant  r  ,  ooeffioieiit  . 

2.  -l^leGtT"ir;al  and  r.iagnetivG  oirov.it r , detail?^  and  v/indingf?. 
?)  .-Mechanical  and  s'-ructural  details. 

4. -Select ion  of  '.ype  of  phase  transformer  foT*  give  service. 

V.  ECONOMY  OTP  PHASE  Tl^ylNSFORMATI  OK, -POLYPHASE  vs.  SINGLE- 
PHASE  AS  Related  to; 

1.  -Electric  Transmission 

(a)  Relative  v/eight  of  copi^eT'  -^ewuired  for  the  various 
systems . 

(b)  Losses  due  to  ohmic  and  reactive  drop, leakage, 
capaci'^y . 

2.  -Alt ernat ing^  Current  Regulation. 

(a)  As  to  installation  of  system ; ef fee of  looation, 
(h)  Effect  of  alternating  curron'^.  networks . 

(c)  Methods  of  regulating  alternating  current  drop. 

(d)  Losses  due  to  inductance, capaci  y. resistance, leakage 
3  .-Dif-tribut  ion;  value  of  polyphase  netv/orK  . 

(a)  Tv/o-.;ire  vs,three-;7ire. 

(b)  TY7o-7:»hase  thT'ee  vjire  vs.  four  wire  system. 

(  o)  Three— phase  thr'-^e^^v/ire  vs.  four  wire  system, 
(d)  Monocyclic  system  of  distribution. 
4.-Ut nidation  of  Alt n-"-aa ting  OuT^-^ent  electric  energy. 

VI.  CONSTRUCTION  According  to  type. 
1.-  Syn  -hron^us  phase  transf orm.er , 

(a)  Electrical  'letamls  ;v/indings,  connect  ions  at  alter- 
nating Current  end, single  and  polyp/ias'^  ci''Guits ;relat ions 
of  phase ;number  of  poles;  insulation. 


V. 

(b)  Mn;Tn'^tio  considorati' ns  ;laminationB  of  arrnatuT'e- 
ooT^es  a: id  2:01 

(o)  Merihanical  and  structural  details  and  acGesnories. 

(d)  Limitation  upon  rrequency  .'nd!  voltage  imi^oRed  by 
const  :mGt  ion, 

(e)  Doscript ion  of  maohineR  in  oornraercial  use. 

2,  -  Stationary  induction  phase  transf ormors. 

(a)  Electrical  details, v/indingR, connections  for  dif- 
ferent syst  ems , in-ulat  ion . 

(b)  Magnetic  consiserat ions ; lamination  o(ff  cores, di- 
mensions. 

(c)  Mechanical  and  structural  details  and  accessories. 

(d)  Limitation  upon  freque'cy  an-  voltage  imposed 
by  c ons  t ruot  i on . 

(e)  Description  of  different  type--,  of  apparatus  in  use. 

3.  -  Rotary  induction  phase  ^ransformer. 

(a)  Electrical  details , windings , insulat ion  an(ff  etc, 

(b)  Ma^^netic  considerat ions , laminat ion  of  cores, 

(c)  Mechanical  and  structural  details ; static  and  dyna- 
mic balance  of  rotary  part, 

(d)  Description  of  machines  in  commercial  use, 

(e)  Accessories; 

Phase-splitting  -devices, starting  and  sv/itch- 
ing  in  arrangemefits , variable  sp.-^ed  control. 
VII.     OPERATION.  .According  to  tyy^e. 
1.-  General  Oi)erating  combinations. 

(a)  One  to  two-phase  and  vice  versa. 

(b)  One  to  three-phase  and  vice  versa. 

(c)  Tv/o  to  three-phase  and  vice  versa. 


vi. 

2.-  Relation  of  operating  PonditioriR  to  pha^e  tTansf ormat ion. 

(a)  Outi^ut  -^elationF^  for  various  yhaRe  nombinat ions. 

(Id)  ■Relation  of  jompof^ite  t ■'■•ansraission  to  phase  trans- 
fornation. 
^ Synchronous  phase  transformer.' 

(a)  Starting;  as  riif^ect  current  mot  or,  a;--,  alternating 
cuT^rent  induction  mot  or,  by  incle],endent  raotor. 

(b)  Functional  -^rorKing, reversibility. 

(c)  Best  oreT'ating  conditionp. . 

(d)  Faulty  \;or?.ing  and  remedies'; pumping V  hunting, 
te)  Infli:ence  of  .'"T^equnncy  upon  operation. 

(f)  Regulation  of  input  and  outpi:t. 
4.-  Stationary  induction  phase  transformer. 

(a)  Functual  v/o^^kin/ .reversibility . 

(b)  Connections  for  different  s^^'stems. 

(c)  ETfect  or  varyin^^  impresf^ed  E.M.F. 

(d)  Faulty  v/0T^}:ing  and  reiiedies. 

(e)  Influence  of  variable  frequency  upon  operation, 
(f  )  Regulat ion, control  of  \?olt age  ; effect  on  lighting 

circuits. 

(g)  Ageing  of  the  i-ron  in  co'^e. 
(li)  Ratio  of  transformation. 

(i)  Heating  of    ransfo:^7aer; cooling  devices. 


Rotary  Co  '.jz^^rt er  Wo"^l:ir:,:; .  sar.io  .as  .above. Schedule  220, pp. 67, 
6P,69.  1.9^0. 

1?.  Transformer  Operation.     Pi^ofs.  F.S.Aldrich  and  F. 'T . Brorrne . 
Electrical  Engineering  Laboratory  Manual , University  of  Illinois. 
Schedule  210, pp.  57,  58,  1900. 


«  vii. 

5.-  Rotary  induction  phane  trannfo-^mor, 

rent . 

(a)  Star^ing;erfe(3'.  nnl.  value  of  atarting  rlevioer? ;  cur- 

(b)  Functional  v.'o-»4.ing ;noT'Lial  and  overload  oonditionn. 
(o)  Effect  of  varyin    inpressed  R.M.F.  on  starting  and 

operation  loaded. 

(d)  Relative  capacities  of  transformers  as  operated 
under  different  phase  conditions. 

(e)  Faulty  working  and  ■remedies. 

(f )  Influence  of  slip  upon  'he  f-"e({uenGy  of  phase 
transf ormat  ion . 

(g)  Influence  of  frequency  and  5zariai)le  speed. 

(h)  Regulation, control  of  voltage;  egfect  on  lighting 
circuits. 

VIII.  PERFORMAIICE  AND  TESTING  .According  to  type. 
1.-  BynOironous  phase  'Transformer. 

(a)  Principl'js , methods ;  errors , precautions , precision 

of  measuremerit  s . 
(h)  Rf'^^ect  of  variables  on  performance  ;voltage, fre- 
quency,  r^xcitation, character  and  amornt  of  load, wave 
form    and  etc. 

(c)  Voltage  regulation  Mnd  ratios. 

(d)  phase  relations  and  characterist ios , influence  of 
excitation. 

(e)  Efficiency  of,  and  losses  of  machine  operated 
under  various  conditions. 


ft.  Transformer  Operation.  P^-ofs.       f; . Aldrich  and  \'',H.I3rcv;ne.Ele(tt- 

'110 

rical  Engineering  Manual , University  og  Illinois. schedi^lf.^  pp.64, 
65,   66.  1900. 


viii. 

( f  )  M  'gnet  ic  46', eT^i'iina-^.  ions  ;  Inakage^diHt'-^ihut  ion  and 

■ 

magnet izat  ion. 

(g)  Armature  resist anof^ , inductance  and  T-eactaons. 

(h)  Special  stu/lie^of  machine, in  various  relations 
and  services, 

2.-  Stationary  induction  phase  transf orrr.er^ 
(a),   (b),   (c)  sane  as  fo^  VIII.  1. 

(d)  Phase  relation"  and  characteristics. 

(e)  Efficiency  of,;ind  losses  of  transformer  operated 
unier  various  conditions. 

(f  )  Magnetic  deteminat ions ;  leakage, distribution  and 
magnetization. 

(g)  R'^-sistance , inductance , and  reactions. 

(h)  Special  studies  of  ajjparatus , in  various  relations 
seT>vices . 

Rotary  induction  phase  transformer. 

(a)  i-rinciples  and  net-iods  employed  ;  electrical , mag- 
net ic  ,mech!^nioal . 

(b)  E^^rors , precautions ,  precision  of  measurements. 

(c)  Effect  of  variables  on  perf  -rm.ance  ;  volt -"ige , fre- 
quency ,  pha  se  shift  in^^ . 

(d)  Functiojial  perf  "r'mance  ;  characterist  ics ,  lossep; ,  ef- 
ficiency and  etc. 

(e)  Special  studies  of _  the  -potary  induct im  phase 
tf'ansf  ormer . 

IX.  APPLICATIONS.  According  to  type.   (   See  VII.  :^,4,  5,) 
As  related  to: 
1.-  Electric  Tran<^riission. 
P^,-  Alternating  Current  Regulation. 


Di.stplbiit  ion. 

Utilization  of  Alternating  Curr^^nt  electric  energy. 
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0087  Measuring  instrument  . 

0088  Disjyributive  arrangements,  switchboards,  etc. 
008S  Miscellaneous. 

839  Applcations  of  dynamo-electric  machiner'y, static  and 

rotary  t '^'ansf croe-^s. 

8391  General  . 

8392  Lighting  S'^rvice , chief ly  single  and  polyphase. 

8393  Powe^^  transmission, chief ly  for  this  phase  transmis- 
sion. 
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CIIAPTEP  I 

DEVELOPMENT  OF  PHASE  TRANSFORMRRS  AND  TRANSFORMATIONS. 

Art.l      The  Phase  Transformation  of  Electrical  Energy  is 
an  important  consideration  in  the  transmission  and  subsequent 
distribution  of  electrical  energy  in  the  form  of  alternating 
currents.  It  is  often  desirable, especially  from  an  economic  stand- 
point to  change  from  single-phase  to  polyphase  or  from  one  poly- 
phase system  to  another.     If  there  is  a  generatin  ■  station  sup- 
plying single-phase  or  two-phase  currents  at  a  pressur -"^  -  of  2200 
volts  to  be  transmitted  to  a  point  sever-'^l  miles  distant  for 
distribution  at  the  sam.e  pressure, it  is  modern  practice  to  trans- 
mit at  a  considerably  higher  pressure  as  11000  or  22000  volts 
over  a  three-phase  line  as  is  done  at  Niagara. 

To  transform,  from  single-phase  or  tv/o-phase  to  three-phase 
or  vice  versa, it  becomes  necessary  to  adopt  methods  v/ith  either  • 
static  or  rotary  ap])aratus  embodying  some  particular  application 
of  fundamental  principles  by  v/hich  this  may  be  accomplished. 

The  various  methods  of  phase  transformation  employed  will 
be  taken  up  more  in  detail  later. 

2.    Historical  Development ; types  o_f  phase  transformers. — 
It  is  difficult  to  state  the  exact  date  at  which  the  cor;imercial 
develppment  of  phase  transformers  and  trans^form.at ion  took  place. 
It  may  be  said , however , that  the  theoretical  and  experimental 
development  began  at  the  time  of  Faraday's  experiments  on  eleotro- 
magnet  ic  induct  i'on.  His  researches  paved  the  way  for  future  ^ 


investigation  of  polyphase  systems. 

In  recent  years  the  development  of  the  theory  of  polyphase 
currents  and  phase  transformation  has  been  brought  about  chiefly 
through  the  efforts  and  experimental  work  of  Tesla  and  Perrares. 
In  1888, they  made  a  publication  concerning  their  discovery  of 
the  iDroperties  of  polyphase  currents.  "V/ithout  this  discovery, 
electrical  engineering  progress  would  probably  have  been  directed 
into  continuous  rather  than  alternating  current  channels." 

There  are  two  distinct  types  of  phase  transformers , namely : 
static  and  rotary.  In  the  former  type  the  primary  and  secondary 
do  not  move  relatively  to  each  other, in  the  latter  either  the 
primary  or  the  secondary  rotates  with  respect  to  the  other.  In 
some  instances ,hov^ever, a  rotary  transformer  might  be  used  as  a 
static  transformer  if  of  the  induction  type. 

3,  Reversibility  o^f  Phase  Transformations. -All  rotary  and 
nearly  all  static  phase  transformers    in  commercial  use  today, may 
be  reversed.  As  an  instant  of  reversibility  of  a  static  transform- 
er we  have  the  Scott  system  of  transformation  from  two  to  three  || 
tihase  and  vice  versa.  In  the  case    of  a    synchronous  type  of  totary 
transformer, one    or  two-phase  currents  maybe  supplied    at  one  set 
of  sl]lp  rings  and  three  phase  currents  taKen    from  another  set 
of  slip  rings  or  vice  versa.  The  reversibility  of  phase  trans- 
formation depends  on  each  particular  case  upon  the  construction 
of  the    transforming    apparatus  or  device.  More  will  be  said  in 
regard  to  this  feature    under  chapters  on  classification  and  con- 
struction of  phase  transformers.  Reversibility  of  phase  trans- 

fofmation  involves  apprediable  alteration  or  change  of  efficiency 
in  the  process.  In  the  investigation  presented  by  this  thesis  no 

reversal  of  ttfans^ibrmation  v/as  taken  into  account  from  lack  of  time  . 
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CPIAPTER  II. 

THEORY  AND  PRINCIPLES     OP     PHASE  TRANSFORMATION. 
4.    General  Prinoiples;  static  and  rotaiy  transformers.- 
In  a  polyphase  system  where  one  current  lags  or  leads  an- 
other the  currents  are  said  to  be  out  of  phase,  or  there    is  a 
difference  of  phase.    A  single  phase  system  is  one  with  one  v/ave 
of  energy, a  polyphase  system  is  one  with  several  waves  of  energy. 
In  a  single  -phase  system  we  can  resolve  the  E.M.F's  into  compon- 
ents in  quadiature  with  each  other  or  into  other  phase  relations. 

By  the  insertion  of  a  resistance  coil  i:i  a  single  p'lase  circuit 
containing  a  non-inductive  resistance,  tv/o  E.M.P's  are  produced 
approximately  in  quadritmre  with  each  other  and  differing  in  phase 
v/ith  the  main  E.M.P.  By  means  of  a  condenser  placed  in  series  in 
the  circuit  a  phase  displacem-ent    of  E.M.P.  may  also  be  obtained. 
"Whenever  E.M.P's  displaced  inphase  are  produced  in  this  way, the 
currents  are  in  phase  v/ith  each  other  or  are  insignificant.  In- 
versily.,  difference  of  phase  of  current  can  be  produced  in  the 
single-phase  current."     if  tv/o  coils  are  woun^  on  an  iron  cor^nd 
connected  in  parallel  as  shown  in  Pig.  1  the  two  currents  in  these 
coils  (A  and  B)  can  be  made  tb  have  any  phase  difference  from 
zero  to  180  t>y  changing  the  relative  number  of  turns,  but  the 
E.M.P's  are  still  in  phase.  "Phase  displacement  of  E.M.P.  cannot 

1 . "Alternating    Current  System.  C .P.Steinraetz,  American  Institute 
of  Electrical  Engineers,  vol.  12,  p.  1895. 
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be  produoed  simultaneously  in  a  single  phase  circuit. This  in  a 
consequence  of  the  lav/  of  conservation  of  energy." 

In  a  single-phase  alternating  current  circuit  the  .E,M.P. 
passes  through  zero  tvrie  per  period.  The  current  alno  alternate.6 
passing  through  zero  at  the  same  time'  \Yith  the  K.M.F.  if  they  are 
in  phase  as  is  the  case  in  a  non-inductive  circuit,  or  at  a  dif- 
fecen'.  moment  if  not     in  phase.  The  power  in  the  alternating  cir- 
cuit fliictuates    between  a  maximum  value  and  zero  in  the  non- 
inductive  circuit  and  between  a  maximum  value  and  a  negative  max- 
imum value  in  a  circuit  v/ith  phase  displacement  betv/een  current 
and  E.M.F.  In  'he  latter  case  the  power  curve  passes  twice 
through  zero  per  half  wave.     This  is  evident  from  an  examination 
of  Pig,  2  in  which  (e)  represents  E.M.P . , ( i  )the  current  and  W 
the  product  of  current  and  E.M.P\ 

In  a  three-phase  system  with  three  E.M.F 's.  produc^nis  three 
currents, the  energy  v/ave  of  "^ach  phase  fluctuates  as  in  the  sin- 
gle-phase system.    Hov/ever , tlie  sum  of  all  the  energy  vmves  is 
constant.  Thus  it  follov/s ,  Tom  the  l8.\'r  of  conservation  of  energy 
that  a  change  from  single-iDhase  to  polyphase  or  inversely  is 
possible  only  by  means  of  apparatus  able  to  store  energy, and 
that  the  total  amo-  nt  of  energy  between  the  mean  and  maximum 
value  in  ^he  single-phase  circuit  must  be  stored  and  i^etunned 
during  the  time  the  single-phase  wave  is  below  the  mean.  This 
is  the  principle  upon  which  Mr.Cha-^les  S.  Bradley  constructed 

2 

his  one  to  three-phase  transformer.  Mr.  Bradley's  method  v/ill  be 
considered  more  iii  detail  later. 


2.  "Phasing  Transformer?^"  .Chas.R.P-^adley .  American  Institute  of 
Electrical  Engineers . vol , 12 ,p . 505 ,1895 . 


Froia  wha*--  has  beon  said  it  in  clear  that, by  divirling  a 
RiTif^le-p^ase  circuit  into  two  branches  and  introducing  an  induc- 
tance in  one  branch  and  capacity  in  the  other, a  tv/o-phase — three- 
phase  or   !ny  desired  polyphase  currents  ra.'jy  be  obtained.  It  is 
an  easy  natter  to  transfum  fron  i^iolyphase  to  tv/o-phase  or  sin- 
gle-phase currents.  It  is  in  the  reverse  operation  that  diffi- 
culties present  themselves. 

The  theory  of  the  phase-relat ions'^in  a  rotar^/  transformer 
is  comparatively  simple.  »  The  induced  electromotive  force  in 
any  one  portion  of  the  armature  winding  stands  in  the  same  phase- 
relation  to  that  in  any  ot^-er  portion  as  their  angular  separation 
on  the  ring."  This  refers  to  two  pole  machines.  In  case  of  mul- 
tipFilQr  machines  it  must  be  -remembered  th' t  the  pitch  of  the 
poles  is  equal  to  180  electrical  degrees.  To  produce  a  polyphase 
winding  for  any  number  of  phases  the  armatute  or  rotor  is  divided 
into  the  same  number  of  s^Aminetrical  portions  as  there  are  Jihases 
and  a  slip  ring  connected  to  each  point  of  division.  The  angular 
displacement  between  the  different  phases  in  all  cases  is  the 
quotient  of  the  circumf erence(degrees  )  by  the  number  of  phases. 
In  all  rotary  transformers  a  rotating  magnetic  field  is  set 
up  due  to  the  interactions  of  the  current  in  the  stator  and  ro- 
tor ,  otherv/ise  expressed  as  primary  and  secondary  windings.  By 
means  of  the  resultant  rotating  map;netic  field  \7e  are  able  to 
transform  from  polyphase  to  single-phase  and  vice  versa. 

5 .    Armature  Induc^ ance  and  Reactions  in  Rotary  Phase-Trans- 
formers . —  In  a  synolTjpnous  converter  used  as  a  single  or  poly- 
ps. "Rotary  Transformers".  Geo. V/. Colles. Journal  Franklin  Institute, 
vol. 151, p. 280, April  1901, 


phase  ^ransforner  the  armature  induotance  and  reactions  ^^epend 

upon  '■-he  oonnitions  of  transforrnatinn.  The  i^eactionf?  resulting 

rin^ 

froi:  phase  transf orraat ion  on  the  sli:^-    '  side  alone  are  not  so 
great  as  v/hen  single-phase  is  applied  at  the  conrnutator  end  and 
three  phase  taken  from  the  slip  -^ings. 

There  is  a  small  arnature  T^eaction  in  the  rotary  phase  con- 
vert er'^due  to  '.he  fiurrent  driving  the  machine  as  a  siinchronous 
motor;  also  a  slight  reaction  due  to  the  v/attlet-s  component  of 
the  alternating  current.  It  is  evident  that  the  armature  reaction 
and  inductance  will  be  less  in  a  single  coil  than  in  a  two  coil 
arnature . 

"In  converting  to  or  from  a  single-phase  current  there  is 
a  periodic  fluctuation  of  the  magnetic  field  and  if  there  is  a 
lag  in  the  single-phase  current , there  v/ill  be  periodic  strength- 
ening or  weakening  of  the  field  depending  on  whether  the  single- 
phase  current  is  input  o"^  output.  The  aniat ure  reaction  is  the 
resultant  of  the  generator  reaction  and  the  motor  reaction  and 
as  they  are  opposite  in  effect  and  since  the  reaction  of  the  poly- 
phase current  is  very  nearly  steady /while  that  dxie  to  the  single- 
phase  is  f liaotuat ing  and  opposite  to  the  former, the  resultant 
will  be  fluctuating.  In  converting  from  one  polyphase  current 
to  another  polyphase  current  the  resultant  "reaction  is  very  sm.all 
unless  there  is  a  lag  or  lead  in  one  of  the  -hases  greater  than  in 
the  other.  With  i;ni'",y  po?;er  factor  in  the  input  and  a  laj  in  the 

4. "Armature  Reaction  in  a  Rotary  Converter .  "disvcussion  by  CP. 

St einmet Z.American  Institute  of  Electrical  Engineers. vol .14, p. 478. 

1897. 

"The  Rotary  Phase  Converter.  Prof.  R.W, Quick.  Electrical  World 
Engineer. vol. 6  1900, 
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output  GUT»rent,the  T"esultant  "reaction  v;ill  be  denagneti^iing, 
v/hile  if  the  reverse  is  the  case, the  resultant  will  oaufif?  in- 
crease in  the  field  magnetism." 

The  effect  of  the  armature  reaction  nay  be  controlled  by 
changing  the  field  excitation; increasing  the  field  excitation 
causing  leading  currents  and  decreasing  it  producing  lagging 
currents  in  the  output. 
"  The  E.M.F.  between  consecutive  loa'la  of  the  output  bear  a 
fixed  ratio, in  any  kind  of  transformation, to  that  between  the 
leads  of  the  input.  In  converting  from  single-phase  to  three- 
phase  ,100volts  impressed  on  the  single-phase  side  gives  86  volts 
on  the  three-phase  side , assuming  a  sine  distribution  of  magnetism'.' 

"  In  the  two-phase  system  opposite  leads  form  one  of  the 
phases    and  sinee  the  E.M.F.  of  this  system  is  that  betv/een  these 
two  leads, the  ratio  of  pressure  in  converting  two-phase  to 
three-phase  is  the  same  as  that  for  single-phase — three-phase 
conversion.     For  the  '^•ame  reason, in  the  single-phase — two-phase 
conversion, the  ratio  of  E.M.F' s. is  unity." 

In  the  asynchronous  type  of  phase  converter  there  is  a  difference 
in  speed  between  the  ^-otor  and  the  rotating  magnetic  field.  This 
difference  is  known  as  the  slip  of  the  machine, being  iiroportional 
to  the  current  flowing  in  the  rotor  winding  and  the  resultant 
magnetic  flux  due  to  the  inductance  and  reaction  which  take  place 
betv.'een  the  primary  or  stator  windings  and  the  secondary  or  rotor 
windings. 
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CHAPTER  III. 
CLASSIFICATION  OP  PHASE  TPANSFORMEHS . 

6.  General. —    All  phase  transformers  are  inolucled  in  the 
5 

Glasses    of  elootrioal  apparatus , namely :( 1 )  synchronous  comnula- 
ling  machines  or  converters ,( 2 )  stationary  induction  apparatus, 
(.'^)  rota'ry  induction  apparatus.  These  three  classes  shall  be 
taken  up  in  the'  order  nained. 

7 .  Synchronous  Commutaling  Machines  or  Converters . —  S^m- 
chronous  commutaling  machinc^s  include: (1  )synGhTonous  converters 
and  (S)double  current  generators.  "  A  converter  is  a  rotary  de- 
vise for  transf oriT.ing  electric  energy  grom  one  form  into  another 
without  passing  it  through  -m  intermediary  form  of  energy.  Phase 
converters  are  converters  from  an  alternating  current  to  an 
alternating  system  of  the  same  frequency  but  different  phase." 
It  is  v;ith  the  synchronous  converter  as  a  phas"5  converter  that 
the  author  treats  especially  in  the  study  of  phase  transformation. 
v;e  may  have  also  a  synchronous  commutp.ting  machine  which  is  both 

a  double  current  generator  and  a  synchronous  converter. 

8.  Stationary  Induction  Apparatus. is  apparatus  changing 


5.     Peport  of  American  Institute  of  Electrical  Engineers , committee 
on  the  Standardization  of  Electric  Generators.  MotorF:  an  I  Trans- 
formers. June  26,1899. 
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eleotvic  nnorgy  fron  one  form  into  another, without  passing  it 
through  an  intermediary  form  of  energy.  This  in.oludes  stationary 
transformers  in  which  the  primary  and  secondary  windings  are 
electrically  insulated  from  ear'.h  other.  Under  transformers  of 
this  class  v;e  have  static  phase  transformers, or  transformers 
converting  2:)olyphase  to  sin:5le-phase  or  single-ph^se  to  polyphase 
currents.     Some  of  the  types  of  th-i  static  phase  ^ransformers 
will  be    'onsidered  briefly. 

(a)  The  polyphase  to  single-phase  is  the  simplest  conceiva- 
ble type  of  phase  trnnsf o^^mer .  Some  examples  of  this  type  are 
shovm  in  l''igs.3,4,5,  and  C.     Figs . ."^ , 5 , and  6  represent  thr^e  to 
one  phase  transformation, and  Fig. 4, two-phase  to  single-2:)hase.  In 
the  three-phase  transformation  the  three-phase — three  wire  system 
may  be  used  instead  of  the  six-wire  system.  In  Figs.      and  4, a 
simple  straight  soft  iron  core  is  used.  In  Fig. 5  v/e  have  a  sogt 
iron  ring  while  the  core  in  Fig. 6  is  built  of  soft  thin  sheet- 
steel  plates. 

In  the  sysijem  of  transformation  shown  in  Fig. 5  it  haf^  been 

Q 

the  practice  in  ^his  country  to  employ  two  separate  transformers 
with  their  pT'imaries  -onnected  across  tv/o  sides  .respectively , of 
the  three-phase  system  and  v/ith  the  mains  connected  in  a  similar 
manner  to  the  resp'^ctive  secondaries.  "  in  a  patent  issued  May 
12,1901  to  Mr . .Vf .Rice  Jr.  it  is  stated  that  a  considerable  econ- 
omy in  i'T'on  may  be  secured  by  locating  the  primary  and  secondary 
coils  on  a  sin':le  -^ore  of  such  a  nature  that  the'  flux  due  to  the  . 


6.  "Polyphase  Transformers .Electrical  Forld  and  Engineer .vol .37 
p. 4 83. March  23,1901. 
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aotion  of  on(5  primary  ■  nd  itR  corresponding^  Recondary  may  pann 
through  a  part  of  the  i^-on  core  o.oinmon  to  '.he  napcnetio  nirouit 
of  the  other  primary  and  itr,  necoiidary."     The  result fmt  fluK  pass- 
ing that  part  of  the  iron  v'^ore  -ommon  to  both  magnetic  circuits 
is  the  T-esultant  of  the  tv/o  equal  fluxes  differing  in  pliane  from 
eanh  other  by  an  angle  of  120  degrees.  This  -^esultant  flux  is 
equal  in  value  to  each  of  its  oonponent  fluxes.  This    .    apparent  , 
enCrom  an  exaiiiinat ion  of  Fif%7  in  v/hich  A  and  B  a-^e  the  tv/o  com- 
2:>onont  fluxes  of  R,  the  ^^esultant  flux.     The  transformer  is  made 
rectangular  in  shape  with  two  rectangular  perfor-'t ions .  Fig. 8 
sho7/s  the  general  plan  of  the  core  and  connections.     In  this  case 
we  have  a  primary  and  a  secondary  v/ound  on  each  limb  of  the  core, 
The  secondaries  may  be  connected  in  p.eries  for  one  voltage  and 
in  parallel  for  a  different  voltage.  To  secure  several  differ- 
piht  vol ^ages , tiie  secondaries  may  be  further  subdivided. 

The  priiiaries  may  also  be  connected  as  shown  in  Pigs. 9 
and  10. 

Another  method  of  T)olyphase  to  single-phase  transfor- 
mation 'iue  to  Mr.Ludv/ig  Gutjfefmannis  illustrated  by  Pig.  11.  A,B, 
and  C  are  the  three-phase  primary  coils  wound  on  separate  limbs 
of  the  transformer  core.  The  secondary  of  the  single-phase  cir- 
cuit is  v/ound  over  all  of  the  threephase  primaries. 

(b)    Single-phase  to  Polyphase  and  vi^:e  ver^^a. —    In  1895, 

7 

Mr. Chas.S. Bradley  brought  out  his  ingenious-  method  of  single 
to  polyphase  transformation.  As  explained  in  Art ,4 , chapter  II, 
difficulties  are  net  in  a  transformation  of  this  character.  The 
real  problem  is  to  obtain  two-phase  cu'f'rents  o:^  E.M.P.  fro!-;  a 

7.  "p-asin '•;  Transform  rs . "  Chas.  S.Bradley  .American  Institute  of 
Electrical  Engineers,  vol. 12, p. 505, 1895. 
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single-phase    nirrjuit.  Aftnr  ty/o-phase  r>vir-^e!'.tr^  are  obtained 
there  is  no  diffiv^ulty  in  getting  the  threo-phap.e.     Fig.l?!  is  a 
diagram  of  the  method  UFied  by  Mr. Bradley.     A  in  a  ningle-phase 
alternator,  D  a  v^ondenner  and  M  a  three-phase  not  op.  The  cur:^?mt 
f'^^om  A  goes  through  (r ,')t he  priinary  of  transformer  S  and  then  splits 
into  two  parts  th'^oi.'gh( n )and(  1  ^  the  primaries  of  transformer  C. 

The  part  which  goes  th-r'ough(n  )2oes  to  the  condenser  v/hich  is  in 
series  \vith(  n)  The  Gai)acity  of  this  condenser  is  adjusted  so 
that  the  magn  -tic  flux  in  the  core  of  transformer  C  differs  ap- 
proximately by  90  degrees  in  phasp;  from  that  in  S.  This  is  done 
as  folloY/s:  The  cu^^^^ent  froml  "l-*)  split s  up  into  tv/o  parts, that  in 
1  lagging  because  of  inductance  and  that  in  J)  leading  because  of 
capacity.     Nov;  if  the  cmrrent  in('n)is  taken  in  the  reverse  direct 
ion  a  cuT^rent  is  obtained  in  the  primary  (nl)  v/hich  lags  90  degrees 
v/ith  that  in(r),  hence  tv/o-phase  currents  result. 

In  order  to  get  three-phase  cu'^'^ents  from  the  two  transfor- 
mers, various  secondaries  are  v/ound  on  these  transfomers ,  shown 
as(g,  h,  i,  j,  l:)in  the  figure.  The  coil(  i )supplies  one  of  the 
thre-'-!  alternating  voltages.  The  coil(  ]: ''supplies  an  E.M.P.  which 
is  90  degrees  in  advahce ,v/hich  compounded  \7ith  the  E.M.F.  og 
g,  gives  a  tofeal  of  120  degrees  i;i  advance.     Similarly  the  coil 
(,j)\/hich  supplies  an  E.M.F.  90  degrees  behind(  i  H  s  placed  in 
series  with  tlie  coill'l-i)  which  has  just  enoup;1i  turns  to  male  the 
total  E.M.F.  120  degrf^es  behind. 

By  using  Mr,  Chas.F.  Scott's  method  of  connecting  seconda- 
ries and  Ml".  Bradley's  primaries  we  ha?Ke  a  much  simplified  trans- 
formation.    Fig.  13  illustrates  this  method.     Mr.  Bradley's 
method  will  not  give  a  true  three-phase  condition  for  all  laads. 
It  is  necessary  to  readjust  the  induct ance^'capasity  for  different 
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loadR  to  have  .Yfcrue  three-phane    ciT"ouit.     ThiR  difficulty  de- 
pends upon  the  nature  of  the  load, whet her  inductive  or  non-in- 
duct tve.  Other  methods  for  trannf oriiiing  from  single  to  rolyphase 
currents  have  been  devised  hut  '.he  p:'"inciples  of  all  ar^^  the 
same.  Mr. Bradley ' s  method  has  not  been  proven  to  be  success- 
ful commercially , the  chief  trouble  being  v/ith  the  condenser. 

(c  )  Two  Phase  to  Three-phase  and  v i 'ce  versa. —  The  first 
commercial  system  of  tv/o-phase — th^^ee-phase  transformation  vras 
invented  in  1894  by  Mr.Chas. t^. Scott^  Ghief  Electrical  Engineer 
for  the  Westinghouse  Electric  and  Manufacturing  Co. 

This  system  is  shown  in  Pigs. 14  and  15, both  representing 
the  same  thing  in  a  different  v;ay.     Pig.  16  shows  the  one 
arrangement  of  transformer  cores  and  coils.  The  transformer  con- 
sists of  tv;o  cores  ?;ith  similar  primaries  A  and  B.  These  t¥/o 
primaries  are  connected  to  the  t\7o-phase  mains.  One  core  or  limb 
of  the  transformer  has  a  single  se.';ondary  core,c,  and  the  other 
has  tv/o  similar  secondaries  each  containing  the  same  nujnber  of 
turns  The  secondary  belonging  to  the  primary  B  in  Pigs. 14  and 

15  has  -Is*  times  as  many  turns  as  the  two  combined  secondaries 

2 

of  A. 

The  general  practice  i    this  country  is  to  use  a  transfor- 
mer in  each  leg  as  shown  in  Pigs. 14  and  15.  Pig.  16  represents 
the  Eu-^opean  practice. 

9.     Rotary  Induction  Apparatus. —  Potas5y  induction  appara- 
tus includes  all  apparatus  in  which  tlie  i^rimary  and  secondary 
windings  rotate  with  ■r'espect  to  -^ach  other.  Nearly  all  types  of 
8.  "Polyphase  Tranrmission. "  Electrical  World. vol .23 , p. 558;  Lon- 
don Electrician. vol .5 2, p. 640. 
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rotary  in'-lucMon  apparatus  m-iy  be  used  as  rotary  phane  conver- 
ters with  little  or  no  dhange  in  their  nrnF?t'ruct ion.  By  rotary 
phase  convert  em  vie  mean  th?'t  type  of  rofeary  induction  apparatuF) 
converting  from  an  alternating;  system  to  another  alternating 
system  of  different  phase  bit  of  the  same  fveq-uency.  Included 
under  "^otary  induction  apparatus  are  also  induction  r-.otors, in- 
duction generators  and  frequency  changers, all  of  which  may  be 
used  with  little  or  no  -.hange  as  rotary  phase  transformers. 
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CHAPTF!P.  IV. 

DESIGN  OP  PHASE  TRANSPOPMERS . 

10.  General . —  The  design  of  phase  tpanc^rormepR  includes 
so  many  details  in  regard  to  constants, coefficients, eleotrio 
and  na2:netic  circuit s ,\Yindin^^s  and  mechanical  and  structual 
features  that  full  Justice  could  not  he  given  this  branch  of  the 
subject  by  the  author.  Suffice  it  to  say  that  all  of  the  details 
which  enter  in^o  the  design  of  transf o-nners  for  other  purposes 
than  that  a  phase  transformation  must  be  included  in  the  design 
of  phase  transformers.  In  faict  these  details  form  the  greater 
part  of  the  necessary  data  in  phase  transf o-^mer  designs. 

11.  The  selection  of  the  type  of  ■ hane  transformer  for 
a,  given  service  i«  first  of  all  the  most  important  feature  of 
the  design.  In  selecting  the  type  to  be  used  v/e  laust  take  into 
consideration  the  character  of  the  load ; cha-^acter  of  the  gener- 
ato3^7hether  single  phase  or  polyphase;  length  of  transmission 
line;  regulation  of  voltage  and  current;  and  the  system  of  dis- 
tribution. The  most  economical  and  substantial  system  should 

be  installed  and  where  phase  transforation  is  necessary  or 
can  be  economically  used, phase  transformers  should  be  designed 
to  fill  the  T-equirer.cmt s  of  the  case  in  hand, 

Por  example,  suppose  a  water  power  plant , generating  single- 
phase  oT"  tjo-phase  currents  at  a  pressure  o§  500  volts, to  be 
situate^l  10  miles  from  the  centre  of  distribution.  The  voltage 


is  stepped  u])  to  10000  volts  a*-,  the  generating  ■-■•tation  and 
transmit t ed , sinH;le-pha<^e  ot^  two-phar!e, t o  '■/he  en-i  of  th-^  line 
v/here  it  may,  in  the  case  of  the  tv/o-phase  transmission, be  con- 
verted into  tlire^-phase  and  stepped  flov;n  to  500  or  220  volts, 
as  :iay  be  desired, by  a  Scott  two  to  three-phase  fr-r'ansf ormer , 

In  tlie  case  of  «  single-phase  ',ransmi'  sion  the  current  ma 
be  stepped  down  to  the  reqiiiired  voltage  by  a  separate  static 
potential  transf o-^mer  and  then  converted  to  three-phase  by  a 
synchronous  phase  converter,     in  this  latter  case  if  direct 
Gurreht  distribution  is  requi"^ed  the  :^otary  can  be  oioerated  as 
a  synchronous  single-phase  motor, at  the  same  time  generating 
direr* t  current  at  the  commutator  end.  Pror.i  this  simple  case  it 
is  evident  that  it  is  the  service  reqi:.i-red  that  determine  the 
type  of  phase  transformer  to  be  used. 
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CHAPTh'R  V. 
PICOMOMY  OP  PHASE  TRANSFOHMATION. 

12. —  A_s  Related        F.lecitTla  TransmiRsion. —  In  eleotric 
transmiRBion,  Gonf ining  attention  striotly  ho  the  line,  'he  fol- 
loV'ing  pointR  should,  be  considered, namely ;  (a  )  the  ^-elative 
weights  of  GoppeT"  r-equit^ed  for  the  different  systems  and  ('b)tho 
losses  in  the  line  due  to  ohmic  and  reactive  drop, leaKage, cap- 
acity and  heating  of  conductors. 

(a)  Relative  Vfeights  of  Coppe-^y' —  Cienerally  speaKing,a 
a  saving  in  the  total  i/eight  of  coppei^  needed  for  the  transmis- 
sion of  a  g;iven  amount  of  pov/er  to  a  given  distance  is  effected 
by  the  use  o"  the  2)oly'*:hase  in  preference  to  the  single-phase 
system.  The  economy  of  copper —  v/hich  is  the  most  important 
factor  in  the  cost  of  long  distance  transmission —  depends 
upon  the  electric  pressure  at  which  the  cui^rent  is  transmitted. 
Hence, in  compa->"ing  different  s-yste;is,  the  comparison  '"should  be 
made  upon  th ^  basis . of  employing  equal  voltages  although  high 
voltage  is  a  means  of  securing  economy  of  copper  in  electric 
transmission,The  voltage  at  which  a  system  can  be  operated  is 
determined  by  different  considerations  in  different  cases,  vrhen 
transformers  are  used, however , the  voltage  is  determined  by  the 
consideration  of  the  insulation  which  can  safely  be  relied  upon. 

9.     Polyphase  Electric  Currents.  S.P.Thompson. page  62.  Alterna- 
ting Ciirrent  Phenomena .C .P  Steinmetz ,p.47,'^ .1900.  Standard 
Polyphase  Apparatus  and  System.s.  M.A.  Oudin.;^  .gi4^2goo. 
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The  quest  ion  ariseR^in  ooiuparing  the  advantager;  of  various 
syst  ems ,  whet  her*  v/e  shall  talie  ns  the  basin  of  comparison  the 
voltage  between  any  two  lines  o^-  the  voltage  betv/een  line  and 
earth.  If  the  maxir.un  voltage  betv;een  any  point  of  the  line  and 
earth  is  taKen  as  the  basis  of  comparison, there  is  no  saving 
in  copper  by  the  use  of  7^olyphase  our'rent  s ;  for  each  line  of 
any  system, carrying  a  certain  current  at  the  maximum  allowable 
voltage  above  the  earth, nay  be  conside-^ed  as  dependent ly  trans- 
mitting a  certain  amou.nt  of  power;and  therefore  the  total  pov/e"" 
is  simply  pro2:)ortional  to  the  number  of  line  v/ires,to  vrhich  the 
total  v/eight  of  copper^  in  also  proportional. 

If  ,on  the  other  hand, the  maximum  voltage  between  any  tv;o 
lines  be  taken  as  a  basin  of  coi':.pari son, there  is  a  decided  econ- 
omy of  copper  by  the  employment  of  three-phase  cu-rrents.  The 
single-phase  systen  ■►^equires  two  v/if^es , each  of  double  cross 
sect  ion, as  against  the  three  wires  of  the  three-phase  system. 
Therefore , the  weight  of  copper  -^'equired  on  the  three-phase  sys- 
tem is  only  three- fourths  of  th  t  required  >)y  the  single-phase 
system.  A  two-phase  four-wiT'e  system  possesses  the  same  economy 
of  copper  as  the  single-phase  system. 

If  only  three  wires  at^e  used  in  the  tv;o-phase  system, one 
G  ommon 

'Wire  acting  as  a  •""eturn,the  voltage  between  the  t\'o  outgoing 
lines  is  about     2  times  the  voltage  between  each  line  and  the 
return;  therefore  7;e  must  regaT'd  the  voltage  of  the  system  as 
2  times  the  voltage  between  each  line  and  the  vetvrrn,  Wore 
copper  is  -required  in  this  case  than  for  the  single-phase  trans- 
mission with  equivalent  voltage. 

•   If  a  given  power  is  to  be  transnitted  at  a  given  loss  and 
a  given  maximum  difference  of  •  otential  in.  the  system, the  amount 
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of  copper  -pequired  is: 

2  i/ir-es:  Siiif^le-phase    ysteiii    100,00 

?  \7i-^en;  Three-phase  RyRtem    75.0 

Two-phase  system  v/ith  oomraon  retrrn  145.7 

4  Y/iTes:  Tv/o~phase  system-  100.0 


If  a  given  po'.ver  has  to  be  transmitted  ^it  a  given  loss 
and  a  given  minirnurii  potential  ^he  amount  of  eopper  necessary 


is  as  follows: 

2  wiT*es:  Single-phase  system  iOO.OO 

3  wires:  Single-phase  system, neutral  full  section  37.50 
"       "  "            "          "            "          half        "  31.25 

"       "        Inverted  three-phase  system   5G.25 

"      "        Tv/o-phase  system   72.90 

"  Thre-^-phase  system   75.00 

4  wires:  Three-phase , neutral  wire  full  section —  3/^.30 
"       '*  "            "           " "         '*       half        '*  29.17 

"      Two-phase  system    100.00 

5  "        Single-phase  system, full  neutral-_   15.G25 

»•  "  half        "    10.93 

"        "     Four  wire  tv;o-phase,ooiTa':ion  neu.  full  sec.  31.25 

»         "  "                           "           »'           "      half     »  28.125 


It  is  evident  from  a  study  of  the  above  table  that , under 
the  given  conditions, the  single-phase  five  v/ire  sy<--;tem  \7ith 
half  neutral  is  superior  to  any  polyphase  system.     This  system 
however  is  not  a  practical  success  on  account  of  its  complexity. 

(b )    Losses  Due  to  Ohrnic  and  Reactive  Drop , Capacity  and 
LeaKage    affect  the  choice  of  sAAstem  to  be  install(id  and  hence, 
indirectly  ,h^'ve  a  distinct  bearing  upon  the  subject  of  the  econ- 
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omy  of  phase  t-ranr-.f o-^^nat ion.  The  nor.t  effi-^ient  pyr.ten  of  trans- 
mi  pssion  Rho:-ld  he  selected  in  any  given  case  not  only  taking 
into  consideration  the  relative  v;eights  of  copper  but  al^o  the 
cariuus  lor^sep  occurring  unde^^  the  given  con'litions.     The  choice 
of  the    ost  efficient  system  v/ill  depend  upon  the  conditions 
to  he  met  in  individual  cases.  The  simplicity  or  otherwise  of 
construct  ion,  opernt  ion  "vnd  control  of  the  different  systems 
of  transiniii'^sion  v;ill  also  affect  ^heir  choice. 

13,  Alt ern'-'ting  Current  Regulation  is  another  (ffeati-'re  to 
e  considered  vii'.h  "^egard  to  the  relative  economy  of  tlie  dif- 
ferent 'systems  of  phase  tran^-f 0"^mat ion .  Under  the  varying  con- 
ditions of  practical  operation  bette-^'  voltage  ■'regulation  •..■ill 
in  general  result  from  'he  selection  of  that  system  of  trans- 
mission or  dif.tr-ibut ion  v/hidh  most  complp'tely  meets  all  of  the 
requirements  of  the  given  service.  However, if  the  best  system 
as  regards  traii  -mission  ,distribi:'' ion  and  efficiency  is  selected, 
regulation  laay  be  considered  as  of  minor  importance  in  view  of 
the  success fi'i  regulating  devices  eii2:2)oyed  in  modern  installa- 
tions. 

14.  The  Value  of  the  Polyphase  MetuorK  in  the  distribu- 
tion of  alternating-current  electrical  energy  i?^  dei^endent  to 

a  great  extent  upon  "he  economical  oporation  of  phase  transfor- 
mers. The  relative  economy  of  ""he  different  systems  regarding 
the  weight  of  copper  used  in  transmission^disoussed  at  the 
beginning  of  this  chapter.  The  same  rules  apply  to  the  subnequeit 
distribution  oP  electric  energy.  It  has  been  demonstrated  in 
practice  and  in  theory  that  the  polyphase  system  of  distribution 
is  the  most  efficient  and  economical  systei:;  in  nearly  .^^11  cases. 
The  polyphase  nptv/ork    in  more  efficient  an''  economical  in 
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CT'Ow'dnd.  localitier;  ,as  in  dov/nto¥?n  rlintTiot r , Mian  v/hnre  the  con- 
tribution iF5  ovoT"  extencied  and  thinly  n-tllort  arean.    Aside  f'^om 
the  economic,  value  of  such  a  n  tv/oT"}.  in  dintribiit ion  in  the 
reliability  of  f-ervtboe.  nne  bi^ahch  of  'he  distributing  net- 
wo:^K  may,f:i^on  any  caT:se  become  inoperative, but  this  v/ill  not 
affect  the  ope-ration  of  the  other  branches. 

15.     Th':3  Utilization  of_  Alt e-rna t ing-Cu^T"ent  "F]lectrical 
Energy  is      further  ini^ortant  factor  in  determining  the  question 
of  rhar?!^  trarisf ormat ion .  The  nature  of  she  "-"eceivers  or  power 
absorber  usually  decide  ■  the  system  employed  in  utilizing  elec- 
tric energy.  By  '.he  use  of  phase  transformers  any  system  of 
supply  PIS  gener--^ted,v/hether  single  or  polyphase, may ,  after 
transmission  be  converted  into  any  other  system  t^~  suit  the 
requirements  of  the  case. 
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CHAPTER  VI. 

CONSTRUCTION  OF  PHASE  TRANSFORMERS. 

16.  Qeneral . —  Much  ma^^  be  written  T'especting  the  -onRtruGt- 
ion  of  phase  transf ormers , espeoially  in  regarrl  to  eleotrioal, 
magnet io ,meGhanioal  and  structural  cltetailB.  The  author  has  not 
attempted  in  this  thesis  to  cover  ^he  whole  field.  Some  of  the 
most  inportant  features  of  construction  of  the  two  principal 
classes  of  phase  transformers , st at ionary  and  rotary, are  herein 
described.  Also  further  description  of  the  partivculal?  types 
used  for  the  thesis  exp  erimental  xior^K  is  g-^ven, 

17.  Stationary  Induction  Phase  Transformers  are  construct- 
ed in  general  similar  to  '-he  cor:i:on  potential  o^"  current  trans- 
formers. In  this  country  it  is  the  practice  to  combine  two  or 
more  single-phase  transformers  to  get  the  desired  phase  t Trans- 
formation.  Yo^  instance,  in  the  Scchtt  system, the  secondaries  of 
two  single-phase  transformers  are  connected  in  such  a  manner 
(explained  in  a  previous  chapter)  as  to  give  a  three-phase  out- 
put with  or  without  voltage  transformation. 

In    iiluropean  practice  the  same  object  is  accomplished  by 
using  simply  one  transformer  with  the  required  number  of  cores 
or  limbs.     A  static  phase  transform.es  may  be  constructed  both 
as  a  potential  and  a  phase  transform.er, serving  one  or  both 
functions  as  may  be  -required.     For  detailed  information  respect- 
ing   the  constrv.ct ion  of  transformers  the  reader  is  ^^ef erred 
to  the  v/o-'-Ks  of  J.A.Fleming,r).C.  Jac]  son.nisbert  Kapp  .Maurice 
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A . 0-ud.in .anc^  tho  trade  bulletins  and  ni-roulapR  of  the  several 
laanuf  aoturerr; . 

1ft.    Rotary  Indi:otion  Phase  Trann formers  differ  from  those 
of  the  statin  type  in  that  +.he  T>^±marY  and  Rocondary  windings 
rot'i.te  with  respect  to  each  other  and  the  air  ga^~  between  the 
two  '.7indin,5j;s  is  increased.     The  increased  air  gap  calls  for  a 
greater  magnetizing  sur^^ent  and  the  arnatvre  or  secondary  in- 
ductance is  increased  on  account  of  the  anou.nt  of  iron  in  the 
secondary  circuit.  As  explained  before  the  leads'  or  circuits 
fo-"  the  required  niiUoiber  of  phases  are  tapped  o  "f  at  regular 
required  intervals  o^i  the  periphery  of  the  armature  depending 
upon  '-he  ..umber  of  pol-^^s.     Any  fo-rm  of  rot?-'ry  induction  api^ara- 
tus,as  for  instance  the  induction  mot or, may  be  msed  as  a  phase 
transformer  by  proper  '^lip  ring  connections  to  the  rotor  or 
secondary  windings.  For  detailed  construction  of  this  type  of 
ap23a'"atus  the  reader  is  i^eferT-ed  to  Polyphase  Electric  Currents, 
by  S.P  Thompson. 

19.     Synchronous  Phase  Transf orirters  are  incluled  in  the 
general  class  of  synchronous   •omniutat ing  n-ichires.  This  appar- 
atus r-.onverts  from  an  alternating  cur^^^nt  system  to  an  alterna- 
ting current  system  of  the  same  frequency  but  different  phase, 
Synch:"onous  convert ers ,v/hich  may  be  also    used  as  double-current 
generators , are  often  used  as  phase  transf o^^mers . 

The  author  made  tests  upon  a  General  Electric  7  1/2  Kiiowatib 
and  a  West inghouse  10  kilovmtt  synchronous  converter  as  a  phase 
transfo?TTier.     The  essential  difference  betv/een  these  two  machine 
consists  in  the  field  winding, a^-rangement  of  slip-rings  and 
the  device  used  in  the  Westinghouse  rotary  to  prevent  "hunting 
and  pumping.     The  fields  of  the  Vfest inghouse  machine  are  com- 
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pound  wound.  On  the  Gr^neral  Rleotric  machine, Rlip- 
■^ingB  are    No's  1,  ?> ,  and  5,  2-phase  rino;^'    are  No's.  1  and  4, 
and  2  and  6.     On  the  West inf^housa  rctaT^y  the  .5-phane  .Tings  are 

1,  5  and  6,2-phase  T'ln,^??  a^-e  1  nnd  .•^,and  2  and  4.     The  rings 
in  this  case  are  m-rih -^"^ed  fron  the  armature  outward,  Belov/  are 

given  some  of  the  measurements  of  the  tv/o  maohines. 
List  of  Items      General  Elect rio  Machine.    West inghouse  Maohines. 
Factory  Nvmber                 199 P.7  185751 
?ype                           Poly2:)hase  Converters.      Polyphase  Converters. 
Class                                 4 — 7.5 —  IBOO  4 — 10—  1800 

P^requercy  60  60 
Normal  Voltage  110  440 
Resistance  of  Field    6P0  olms. 

The  a-r-matures  of  the  tv;o  machines  are  iron-dad  of  the 

usual  toothed  construction  for*  distributed  ".binding  ti-je  cores 

being  built  up  of  lariinat©d  steel.     Only  a  single  v/inding  is 

2 

us  'd  on  the  armature  th-  s  reducing  the  I  R  lof^^s.  Leads  to  the 
slip  •»^ings  P'^e  "t^^pped  off"  at  different  points  o    the  armature 
as  shovm  in  Figs.  17  and  18, between  aTT.ature  and  slip  -"ings. 

Heatiip- is  an  important  consideration  in  the  construction 
of  phase  tf-ans formers .  The  late  Prof .R.W. Quick  made  a  detailed 
study  of  heat ing"""^  using  a  synch^onoun  phase  converter  for  the 
various  transformations  v;ith  different  connections  from  armature 
V7inding  to  slir-rings. 

20.     In.  Gonvert ing  f"^om  Sin-'le-phase  to  three-phase  with 
the  leads  connected  as  shown  in  Fig. 19, the  distribution  of  heat 
iR  Illustrated  by  Pig. 20.    With  the  armature  -connections  as 


10.  The  Rotary  I-hase  Converter.  Pr^of .R .W. OiiicK.Electrical  World 
and  Fnginee-".  vol  ?>5,v      Jan. 6  1900. 
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s'  ovm  in  Pig. 21,  h'-^  n.istvibut ion  of  heat  ir,  illu^^tratod  by  Pig. 
22.     In  the  fon^ineT  oaae^the  angle  e'f  betv/een  leari.  (a   )  of  the 
p.ingle-phaRe  circuit  and  lead  (a^)  of  the  three-phase  circuit 
i«  zero.  In  the  latte:^  cane,oC-  ,'^0  degrees.     It  is  readily  seen 
from  an  examination  of  the  diagrams  of  heat  distribution  that 

i 

the  average  prodvction  of  heat  v/hen  oc  z  ze^^o^in  less  than  when 
oC  r  30  degrees.     The  maximum  rate  of  heat  production  i;!  the 
forme""  case  is  about  six  times  the  .  iinimujci  rate.  I.'  the  latter 
case,  the  maximum  rate    is  forty-five  times  the  minimum  rate. 
It  is  therefore  important  i.   this  kind  of  tran^foT'm.at ion  that 
one  of  the  single-phase  leads  should  coincide  with  one  of  the 
three-phase  leads, a;^-.  shovm  in  Fi::%19,in  77hich  ©c  z  0 

21.  Iri  Converting^  gpom  Single-phase  to  Tv/o-phase  or  viee 
versa  the  armature  connections  and  heat  distribution  are  shovm 
re'-^pect  ively ,  in  (ffigs.  23,24,25  and  26.     When      -  0  the  single- 
phase  1 -^ads  coincide  v/ith  two  opposite  leads  of  the  two-p^ase 
system.  This  method  of  connection  is  more  economical , giving 
perfect  heat  distribution. 

22.  Iri  Two-phase — Three-p:iase  Ccnversion , o"^  viee  versa,  | 
when  oC  =  15  degrees,  the  average  heat  product ion_,     in  the  arma-  [ 
ture, equals  0.5B4  l2R,when  I^R  is  the  raaxinvin  heat  generated. 
When  oC  i:  0  degrees, H  =  0.527  l^F .  In  .-converting  from  t?/o  to  three-f 
phase  ^he  generation  of  heat  is  less  tha:"i.  in  worKing  as  a  direct- 
current  generate©  and  the  relative  position  of  the  leads  have 
little  effect  on  the  heat  loss.     The  diagrams  of  connections 

and  heat  dist -^ibut ion  for-  this  case  are  shown  respectively  in 
Figs.   27,   2?yand  Pigs.  29,30. 

23.  Tables  I.  and  II.  show  the  calculated  results  that  may 
be  expected  under  various  conditions  of  phase  displacement. 
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TABJ.i;  I. 
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CALCULATED  IHAT  LOSS  IN  ROTAPY  ?}\ASF.  TRANSFORMERS. 
NO  PHASEvDISPLACEJRNT  IN  EI'^^IER  EXTERNAL  CIRCUIT-:^ 


Cond.it  ions 

Continuous 
Current 

one  to 
Thr^e-phase 

One  to 
T'Yo-phase 

Three  to 
T;70-phase 

Maximum  aveya.c^o  lo^n 

/ 

°< 

o.^s4 

Minimi:ni  average  loss 

/ 

/.CO 

0' 

Maxii.uun  lo.ss 

in  a  conduct  or 

/ 

3' CO 

0 

/ 

0 

0 

o 

0 

/.CO 

0" 

/./>i.i 

Minimum  Ions 

ill  a  conduct  or 

/ 

3c' 

/f" 

/ 

0 

0 

0 

0 

/.ail 

o 

0 

o.o  f-2 

It  i;'  no'^e  economical  to  have  one  lead  of  one  phaf5e  coinci- 
dent v/itli  one  lead  of  the  other  phas'-  because  the  average  rate 
oi^  heat  2^rod.uction  is  then  less  and  the  ;;iaximum  heat  Iors  i;i 
any  conductor  is  therefore  less.     The  heat  loss,v7hen  there  is 
no  phase  displacement  in  outpi;t  or  input  is  the  name  \7hen  trans- 
forming, as  for  instance, from  tv/o-phase  to  thi^ee-phase  or  vice 
versa  hut  this  is  not  true  v;hen  there  is  a  lag  in  the  input  cur- 
rent in  each  case. 

From  »n  examination  of  fables  I  and  II  it  is  evident  that 
for  the  least  he^it ing,\vhethe-p  there  in  any  phase  d,inplacenent 
in  t?ie  input  or  out put, one  of  the  input  leads  Rhculd  coincide 
v/ith  one  of  the  output  leads;  that  i.s,  cC  z  0."The  percentage  of 
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increase  In  th^^  he^ating  due  to  a  30  degree  la^  in  the  output 
ourrent  is  j^-peat er  i.n  the  thr  'e  to  two-phaRe  conversion, and 
vice  versa, than  in  the  one  to  thr.Df^Dhase  conversion,  it  being 
6."^  per  cent  in  the  fo'^ner'  Rnd  28  pe-r  cent  in  the  latter  cane. 
\Vith  a  given  lag  of  30  degrees  in  the  output  cu"^rent,the  heat 
lORR  in  greater  in  ccnveT>ting  from  the  greate-p  number  of  phaneR 
to  a  leRp.  nunibe^,than  the  -^everRe ;v/hile  it  in  the  Rame  in  both 
cases  '.Then  thoT-e  is  no  .ag."-^'^ 

Since  the  ordina^^y  detail?-:  o^  construction  of  Rynchronous 
phase  transf orrr.ers  do  not  differ  from  that  of  other  direct  and 
alternating  generato^r's  the  --eader  is  -^-ef erred  to  Rtan^^ard  treat- 
ises on  this  subject. 

Before  leaving  this  branch  of  'he  \;orl-:  the  ivriter  v/ishes 
to  call  attention  to  some  of  the  featuT'es  of  construction  of 
a  two-pole  doiTble-commutat or  i'lachine,  the  armature  of  \7hich 
\7as  designed  by  Mr.Ludv/ig  Gutti:ian  and  construcfefed , in  general, 
pursuant  to  the  follovn.n.^  specifications: 
Art  .'H .  INSULATION :  -  Standard  insulatioii  to  be  used  on  the  r^nre. 
•.    No  shellac  should  be  applied  to  any  r«rt  of  the  windings.  The 
layers  may  be  separated  by  a  sheet  of  paper  o"^  oil  paper, and 
the  ends  by  cloth, the  layers  2  and  5  may  'he  separated  by  tv;o 
sheets  of  paper  or  one  of  muRlin, 

SIZE  OF  riMF,  should  be  J'lP.  or  s^.i9  v/hicheve^  v;ill  admit  to 
place  6  or  better  7  tuT'ns  between  the  v/inding  ho'r'ns  placed  in 
th-;  core.  7  tu'-^ns  R-re  prefeT'red, 

If  the  first  two  layer'R  can  ^'eceive  but  6  liurns  and  owing 
to  the  l^-n^geT*  diameter  'v^ch  section  of  layer  3  and  4  v/ill  admit 
the  n  Rcing  of  7  turns, then  lavers  1  and  2  Rhall  receive  6  turns 
12.     Pi^of .P.W.OuicL.Ibid.'  • 
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per  coil  and  layers  3  and.  4,7t,u-^nr^  po"^  r^.oil,  o^he^nvise  all  4 
layer-R  should  ■porioive  all  G  tu">"nR  or  all  V  tuT-nn    per  noil. 

COiv'iMUTATOHS :  -  Tiir^->-e  ai"o  to  be  placed  t\!0  conunutat ot^r  on 
the  shaft, one  on  each  Ride  of  thc3  oor-e  of  50  Regr:^^^lts  each. 
They  should  be  pjo  mounted  on  the  shaft  in  ^he  usual  manner  but 
placed  '^o  fa^"  apart, that  vf  placed  in  the  ex"-iter  frame  and 
commutator  bearing  brac}:ets  applied  on  either  side  of  the  frame 
their  position  is  correct  jith  "^elation  to  the  brush  holders. 
If  the"^e  is  an  end  play  I'.'lease  2)lace  small  setting  oollars  to 
p-pevent  b-':*ushes  r^cni  leaving  the  -commutator, 

ARMATUR?;  WINDING:-  There  are  to  be  v/ound  4  independent  lay- 
er's of  v/ire  on  the  core, two  to  be  connected  to  commutator  ^^1 
on  the  left  side  and  tv/o  to  be  connected    o  coinmutato-^  on 
their  i^ight  side. 

Each  .layer  to  form  a  complete  armature  in  itself ,bL;t  mod- 
ified as  described  later  on. —  There  heing  50  divisions  on 
the  co'^e  and  5"  dividing  horns, '  he  space  vvill  admit  of  J^o  com- 
plete coils  placed  on  this  fi-^^st  layer.  The  uire  ends  lying 
symmetrically  all  ai^ound  the  shaft .  As  ther^e  are  but  half  as 
many  coils  as  the-re  are  comr^iutator  segments  '.he  ?/indinf( after 
all  0',her  layers  a"^e  in  positi-^n)  ivill  be  connected  to  alter- 
nate segments.  The  first  layer*  is  therefore  connected  to  seg- 
ments 1,   3,   5,   7,   9,   11,   13,   15,   17,   19,   21,   ?.3 ,   25,   27,  29, 
31,  33,  35,  37,  39,  41,  43,  45,  47,  49,     This  laye"^  should  fo-'-m 
a  complete  and  closed  f:t*nature  in  itself, as  if  the  intermediate 
commutator  sections  did  not  exist, and  the  armature  was  but  a 
single  layer  v/inding  with  a  coiimrtator  of  25  sections,-  Vhen 
v;inding,a  loop  ^——^  of  2-1/2  inches  shall  be 


b^^o-jght  out  on 


five  coils, on  the  opposite 
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end  to  thP.  side  of  the  oonirnutat or-  to  v;hir',h  the  v/indin(;^  i«  to 
"be    •onnented.  T^iese  loopp!  nvr.t  be  pT^op^rly  in^^nlatod  to  p"^event 

a  nhort  cir'ouit  v/ith  the  next  layers.  The 
five  ooiln  of  I'-'ver  #1  \/hich  are  to  hbve 

F/G.  3  Z 

the  loop  are  ^'  5  ,#1  ^  ,-^'15  ,-''''20 ,  and      25  and  the  loop  in  made 
after  J^alf  the  ooil  in  v/ound  namely  on  the  middle  turn  of  the 
Qoil ,   (  end  of  third  tu:^n  if  coil  han  six  tu-^ns  or  middle  of 
4th  turn  if   '.oil  has  7  turns.)    By  this  disiDosition  v/e  may  ob- 
tain 5  loop  a    equidistant  from  one  another  5  coils  apat^t  on 
the  first  I'-yer.  These  loops  may  be  ■  ainted  blacl:  as  also  the 

end"  of  th^'  that  connect  to  segmeritrs  1  to  49  in  uneven 

a 

numbers.  ^-^^y"^^^  Then  a  second  layer  is  v/ound, 

separat-^d  /~~\    F/c  iz       by  a  layer  of  pa2:^er  f-roi-i  the 

first.  The  second  layei^  \7ill  have  also  25  coils  which  connect 
to  the  unoccupied  coijiiutator  segi:ientp  or      even  ^-egment'-.  2, 
4,   6,    R,   10,   12,   14,   16,   IP,   20,   22,   24,   26,   28,   30,  32,34, 
36,  3B,  40,  42,  44,  46.  48,  50.     HeT'e  again  5  loops  b^  aT^e  to 
be  brou-t^ht  out  nt  the  same  end  of  the  armature  but  therefore 
di'~!plHoed  _3  sections  from  the  loops  already  wound  an?l  are  parts 
of  (5-  3)  coil  2   (10  -  3)  coil  7,    (15-3)  coil  12,  (20-3) 
coil  17  and(25  -  3)  coil  22.  After  the  tv/o  layers  ave  v/ound 
the-re  aT'e  a  total  of  50  coils  using  the  \7hole  left  hand  com- 
mutator and  ten  loops  (5a  X  5")  or.  the  opposite  end.  The  loops 
and  -./ire  ends  of  this  second  l^yer  may  be  painted  red  to  jjre- 
vent  a  mistake  in  cojmecting  it  up.     A  pair  of  blacl  v/ires  ;3 
s'-ou.ld  alv;ays  alternate  with  a  pai^"  of  red  wires    as  they  con- 
nect to  the  segments  of  the  left  hand  coirj-nutato"^.  Similarly 
'.>ie    blacK  and  red  loops  should  alter]la^e  and  the  red  ones  s 
should  stand  almost  midv/ay  b-^tween  the  black. 


Thif.  done  double  pani^r*  insirlat ion  o"^  one  of  muslin  is  "r-' 
plied  and  tv;o  noro  layeT^s  put  on  top  of  the;  firRt  tv;o  but  v/hile 
the  v/indin  -  Bti'.l  ^oes  on  in  the  sarae  -  irect ion-  th(3  beginnings 
of  tlie  rioil  ai'e  made  to  the  -^ight  so  as  to  connect  the  right 
hand  or  second  norirnutat or  Loops  are  r^lso  brought  out  ds 

before  not  on  the  opposite  sid^  of  the  oo: inutat o-^^  but  on  ^he 
same  side  so  thnt  they  come  side  by  f^ide  of  the  first  ten.  The 
loops  should  be  2^1aced  so  that  loops  of  layers  f^l  and        are  . 
together  side  by  side  and  loo:'}s  Id  and  d.  of  layers  2  and  4  a©e 
side  by  side.  Loops  of  layer        a-^'e  to  be  painted  blacl   as  jilsc 
the  i.'ire  ends  and  the  saiae  pa"^ts  of  layer  4  a^^e  to  be  painted 
red.  Then  the  T^la-^;]    loops  are  connected  together  and  the  red 
loops  are  connected  together.  The  insolation  is     "emoved  for 
1/4",  '.he  wires  ol-^-ined.  'Tound  together  with  some  fine  copper 
binding  i/i-^^e  and  then  soldered  and  care;""uliy  taped  and  insulated 
to  avoid  shoT^t  c ir cults. - 

We  have  4  laye-^^s  of  armature  v/indings  constituting  in 
reality  4  indeijendent  armature  v/indings  pach  of  coils. 
Layer*  .''i.     ,05  coils  \7ith  5  loops  (blacj-:)  (a)  on  ;  li-ldle  turn  of 
coils  5,  10,  15,  and  25. 

Layer  f'2.     25  coils  5  loops  r«ed  (b)  on  middle  tnrn  of  coils  2, 
7,  12,  17,  and  22. 

Lay  jr  25  coils  5  loops  (blacl.  )  (c)  on  r.iiddle  turn  of  coils 

5,  10,  15,  2',  and  25. 

Layer  t^,     25  coils  5  loops  -^ed  (d)  on  middle  tuTn  of  coils  2, 
7,  12,  17  and  22. 

Layers  insulated  from  one  another  by  pap^r>,  o  j^^^^  -z^  muslin 
loops  a_  and.  c_  to  be  soldered  also  b_  and  cl  al*;ays  those  '.:-:at  are 
next  to  each  other  and  f o"''*.  1  pair's.  The  coil  ends  on  both  sid;^s 
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to  come  out  st-^a^^-Tht .  The  endr,  nhoixld  ho^.Tev^r        left  longer 
than  .leoeriBapy  and  bent  (lov;n  so  Miat ,   t]vvj  urv  be  vn'  olriered. 
and.  placed  into  other  nen' ionn  for 
giving  thein  a  lead.  a11  vviT^oR  n-n^^ 
ther-^t  tie^rl  do./n  '".tron;^ , bands  'Should  be  placed  on  the  v/inding»  on 
account  of  'ii,j;h  RyvHyi.    of  armatuT'e  ani  the  endf?  soldered  into 
two  ooiarnut at oT>8 .  if  capp;  aT»e  '  laced  the  side  containing  th-^  loop 
connectionF;( '.he  -night  side)  should  be  i-iarhed  so  that  one  can 
Knov/  at  a  glance  at  which  side  they  are  located.  If  the  windingR 
cauFjeR  the  armature  to  be  out  of  balance  it  should  be  properly 
balanced.  Some  marl;  should  be  applied  v/h tether  cap  is  placed 
or  not  to  r.riOM  at  once  on  vrhich  end  the  20  loops  are  located. 

Solde-r'  onto  the  double  loops  a  straight  v:i-'e  souie  R"long 
which  should  be  brought  out  insulated  betv/een    he  wires  con- 
nected to  the  cor,mutato-n. 

Five  o""  tim  wires  a_  b"^ought  outi^ide  the  connecting  wires 
going  to  the  con..iut at o^^  and  tied  to  the  nearest  v/ii^^es  going  to 
the  coiinutato-"  in  an  insulated  vmy,  they  a-^e  readily  accessible, 
can  be  unv/ound. 

The  loops  to  be  electrically  connected  should  be  Joined  by 
an  long  v/ire'  of  ^-14  o-^^  fis  B.&  S.  The  one  end  should  be  used 
for  connecting  the  tv/o  loops  while  the  wire  end  remaining  should 
be  taped  \7ith  insulating  tape  and  brought  out  betv/een  the  arma- 
ture v/ire^  connected  to  the  cmmutator  and  wrapped  round  the 
nearest  ~!±-res  and  conveniently  attached  so  as  not  to  fly  loose, 
for  testing  purposes, 

25 .  T-^ial  a  lid  OpeT^at  ion  o6  the  Double  Coiiirnut  ator'  Machine  .  - 
There  a"'e  tv/o  field  coils  each  woimd  with  1560  turns  of  /-19  B. 
S.  double  cot  ■on-covered  wire.      V/ith  this  winding  10  amperes 
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are  obtained,  at  fvon  lOO  +o  120  voltR.  On  a  li^ht  load  of  abcu.t 
5  ami-^r^-i-es  +.he  voltage  v/ould  -r^emain  at  about  7' ,but  at  10  aiipores 
it  v;oi;.l'l  Pine  to  about  200  voltn"     The  object  of  the  loops',' tap- 
ped off"  at  intervals,  of  72  de^jreep;  on  eaoh  laye-r  of  winding, 
is  to  j-'rovide  foi'  ultimate  connection  to  f^lip-r-ingn .  The  inten- 
tion v;as  to  supply  a  Blngle-phane  cu.T'T-'^^nt  to  either  cornr.iutator 
end , operfet ing  the  machine  as  a  single-phape  syndhronouR  i.iotor 
and  supplying  any  aumbep  of  pharies  f ro; i  the  slip-rings  as  else- 
Y/here  desc'r^ibed  as  the  Gutnann  Experiment.  Also  single-phase 
cur'-^ent  can  be  applied  to  either  end  and  direct  current  taken 
f-'om  the  othe:^  end. 

Case  I.     It  v;as  found  by  a  numbe-^^  of  experiments  that  this 
machine  v/ould  not  operate  an  a  single  -  ^hase  motor  v.^lth  or  v/ith- 
out  field  e-^citat ion,T>egardless  of  the  magnitude  of  the  input 
current.  The  armature  v/ould  not  rotates  in  either"  dlri^ction  u.n- 
''ieT'  antr  condition  above  described.  Fu_-^thei»iior@, the  machine  v/ould 
not  operate  as  a  direct  current  ;:otor  o-r  generator  under  any 
conditions  experimented  upon.  The  a^^mature  v/as  tested  throughout 
all  its  connections  v/itii  a  magnet, and  also  by  current  f-^om  a 
storage  battery.  By  the  iiiagnet  test  all  connect ioiis  made  i/ith 
it  -^^u.ng  up, when  they  should  not  have  been  heard  from,  ?^hen  tested 
by  a  curT>(3nt  fro.::  a  storage  bat-'e^'y  the  circuits  we""e  found  to 
be  interconnected  as  heretofoT'e  specified.  The  test  of  the  ar- 
mature v/lndlng  served  to  shov;  that  it  vras  somev/hat  "green'*  but 
no  shellac  v'as  su])po8ed    to  have  been  used  in  its  construction. 

Case  2.     All  '.he  "loops"  v/e-^e  finally  unsoj.dered.  The  ma- 
chine then  operated  vor'y  v/ell  as  a  dlT'ect-current  motor.  There 


l.'=5.     Builder's  Specif  lea  tioiis .  Royal  Electric  Co. 
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vmrt  also  manifest  a  tendency  fo-p  the  armature  to  rotate  in  a 
direction  2:)recleterriil"ied  by  the  -^'elative  prnition  of  the  h-^-uKhef? 
v/itli  resT:)e.'!'-  to  the  bipola-n  field, when  a  ningle-phase  current 
v/as  supplied  to  one  coiji:iutat o end  v/ith  no  field  excitation. 
The  T-otation  \/ar;  a..;Gonpanied  by  a  charaot erist ie  "growling" 
noise  aiid  excessive  spar?>.ing  at  the  binishes.  The  latter  phen- 
or-.enen  is  common  in  the  Gut/manTrExperiment  before  synchT-onous 
speed  iB  reached.  A  single-phase  cur"^ent  v/as  supplied  simi:l- 
taneously    o  eao'n  end  of  the  armatuT'e  and  the  same  effects  were 
produced  as  ji-.st  noted  for  single-phase  current^ to  one  end.  When 
the  field  :;oils  were  sei^a^-rMt eiy  excited  and  connected  fir'st  in 
parallel  and  later  in  series  with  each  Dther,th  re  v.'as  in  each 
instance  no  tendency  for  the  ari  .atu^^e  to  rotate  but  it  sir:i]:ly 
"stucK"  in  one  position. 

It  see. IS  obvious  sheT'6fo-^e,that  the  -"eason  that  the  machine 
would  not  o2.vi-pate  under  any  conditions  in  the  first  case, that 
is  before  the  loops  v/ere  cut, v;as  due  to  oppose^"!  E.M.F's  in 
the  armature  caused  by  a  p-^'oba-Ue  mistake  in  the  interconnect- 
ions of  the  looTDs  'lescribed  in  the  specifications.  When  the  loop 
connections  v;ere  cut  as  in  case  2.  the  machine  oi^erated  satis- 
factorily as  a  direct  current  motor  and  apparently  had  a  ten- 
dency to  operate  afte-r  the  manner  described  in  the  Gutr.ann-  Ex- 
periment . 
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CHAPTI'IR  VII. 
OPERATION  OP  PHASTl  TRaNSPOPMERS  . 

26.  The  General  02^e-^at ing  Conditions  of  any  phane  t-rans- 
fo-r'ners  R'^e  as  follovvF!: 

1.  On-^  to  t\7o-phaRe  and  vic^-e  ve>^'Ra. 

P..   One  to  th'^ee-pnase  and  vice  ve:"Ra. 

?> .  T.io  to  three-p/ia-se  and  vice  versa. 
In  many  instan-^es , hc/ever ,not  of  those  r;oni'!:)inat ions  oan 

be  ;  lade  \/ith  any  given  tr-annf  orineT> .  a  statie  tT>!^nsf  ormer  n^y 
be  const "PU-Ct ed  to  operate  p.f^  r  t.To  to  three-phase  transfcT.er 
and  vice  veT"sa,but  it  can?iot  be  i:!sed  as  one  to  three-phase  trans- 
former or  vice  versa. 

27 .  The  Relations  of  OpeT^ating;  Conditioiis  to  Phase  Trans- 

f '^^nat ion  is  aii  important  matter  when  the  output  conditions  are 

considered    for  the  various  phase  combinations  and  especially/ 

the  effects  of  ."crrponite  t^^ansminsi- n.  In  phase  transf orinat ion 

only,  the  voltage  ratio  of  the  tT'ansformer  as  nu.ch  is  2Di^act ically 

unity  although  it  may  vary  sonevrhat .  in  phase  ti^ansf  ornat  ion 

'".he  total  po'.'/er  output  ■:ii;<ht  be  expected  to  be  practically  the 

same  as  ^he  input.  But  this  is  not  T"eali2;ed  in  i^ractice  on 

p 

account  of  the  coT^e  loss  and  I  P  loss  of  static  transformers 
".vith  the  addition  of  iiecahnical  lo;-s  in  rotary  phase  tT^ansfcr- 
me-r^n.     Rotary  phase  transf orme-r^'-^  a-^e  constructed  «7ith  devices 
for  ^hr, nging  '.he  voltage  ratio  and  the  frequency.  A  change  in 


core  loRP  per  oiibio  o^mtlme^.er  of  ircn  depeivln  upon  the  f-^equoncy. 
In         oaRt^  of  r.in^^le  *.o  polyphap^e  traiinf or-nat  ion  *"he  Ryetem  ^r 
Byimnetririfliiy  loaded  or  balanced  when  the  current  ±r,  the  Rame  in 
eaoh  of  the  exte-rnai  ])olyphar^e  cirriuits    The  RyRtei.i  rnfy  be  mnbal- 
anced  by  inc-t^eaRinj?  or  decreasing  the  load  on  onl^''  one  oi-^^cuit 

In  the  o2)^-ration  of  all  tyneR  of  phaRe  tranRf ori.erR ,  phase 
convert erR , pa  tent aal  or  current  *-ra.  ^nf ori:ierR  her-t  'Effect n  mus-st 
be  carefuly  -yarded  against  by  suitable  dooling  ar>rangenient r . 
Static  transf or'nie-pR  nay  be  self-cooling, oil  cooled,  v;atei'  and  oil 
cooled.  TernperatirT'eR  may  be  kept  dovm  by  means  of  fm  ai'p  blast. 
The  nethad  of  coolinp  depends  somewhat  upon  the  cai-'acityrKf  the 
tran^f  o^rrier . 

14 

She  effect  of  coi.posite    ranra-ii^^^^Rion  upor'  pi^tput  relations 
for  various  phase  combirationR    is  an  interesting  field  of  study. 
Owing  to  the  lacl  of  time  the  ay.thor  di  I  not  Rxperimentally  in- 
vestigate this  featu'^e. 

Art.  2P A  oyn.";hronous  Phase  Transf  o^iner  ;ay  be  started 
aR  a  di^^ect-cu^'-^ent  mot  or,  as  an  riltf^rnat  ing  current  induction 
motor  '-^n'l  froju  an  independent  sour'ce  of  pov.'er, mechanically  or  by 
another  motor,  Tv/o  of  these  methods  of  starting  are  entirely  suc- 
cessful. The  troub.B  ^  r-t arting  th-^  motor*  transfo^^mer  a    an  al^er- 
nating  current  motor  is  i.. i  getting  it  up  to  synchronous  sp-oed. 
In  one  of  the  machines  tested  the  normal  s^peed  was  IPOO  P. P.M.  bit 
in  ■'-tn-r'ting  it  as  an  alti^rnating  cvrr^ent  induction  motor  there 
v/as  some  dif f ici.lty  i     obtaining  this  sp'■^^d.  A  syncj^ronous  phase 
converter  may  be  ope-'^ated  successfully  r"or  any  of  the 

14.     Sta-^ting  a  Rotary  by  Direct  Cu^^r'^nt  Tr^aiisi.iit ted  over  the 

Alternating  Line,  FredericK  Bedell.  Sibley  Jou-'nal  of  Engineering 
June, 1900. 


rhRRB  coi'iteinr't ions  ntatecl  in  AT't.^S,  Usually  ',T".nnf oTiner 

1'!  bT'oiv'"ht        to  f^yn.?h''onoi:!"!  npc^eri.  hy  start in,^?:  it  ;'r,  a  flireat 
cu-^-p.^nt  1  lot 07'  -'.nd  then  Rync'i""oni^:ing  by  m  ^ari'^  of  incan46f>'',ent 
lanps  placed  in  the  alt^mat ing-nurrent  cirv'^\:.it.  in  cane  of 
appl3''inf5  Hinglo-iVnaMe  current  to  the  ooiram^tat o-^*  end  og  the  trane 
formeT^  -rnd  wu";!") .lying  the  deRi-r^oR  priane  from  the  Rlip-ringB  the 
tran?=!f orine'*^  ar]natul7e  mi3Rt  he  T'otated  independently.  This  latter 
operation  in  v.'hat  ±r,  l.noT/n  an  the  "Giitma.nn  K'-'.periment  heing 
suggested  and  tented  by  Mr.Ludv/ig  Gutitiann,of  Peoria ,  I  "'.linoiF; . 

The  regul-'tion  of  the  -reiatioji  ?;etv;een  input  and  output 
energy  may  be  controlled  by  inserted  resistance, variation  of 
field  excitation  v:hen  operat-^d  as  a  synchronous  mot  or,  and  var- 
iation of  Bp(?ed  v/hen  rotation  of  the  armature  is  -jpfected  inde- 
pendent ly . 

In  ope->"ating  the  synchronous-:  phase  converter  as  a  synchro- 
nous mctoT"  the  fre(pency  cannot  be  varied  but  i^emains  constant. 
Y'hen  the  machine  is  ope^^ated  iiide^^iendent ly  the  output  may  be 
varied  bv  changing  the  freq-uency.  "  A  variation  of  impressed 
E.M.v.  causes  a  relative  variation  oC  ou.tpu.t  E.M.F's.  The  vol- 
tage may  be  regulated  by  •r'esistance  o"^  a  special  potential  regu- 
lator in    ■onnection  with  pot-^nti^il  tt^ansf o-^mers . " 

29.     An  under  excited  syhch"^onous  phase  converter  has  the 
same-  effect  as  an  induct io  -  motor  \.'hen  operated  on  a  lighting 
circu/it.  A  lov:  pov/eT"  f^acto:^  tjien  exists  and  the  lamps  "blink" 
when  the  conve^-ter  is  started,  ^''hen  over  excited  the  machine 
l^T^od^  ces  the  s?-ime  effect  as  inserted  and  combined  capacity 
and  T^esistance  somev/hat  e(ii:.ivalent  to  an  electr61y"t ic  condenser, 
but  in  this  ca'--.e  ''.is.o  the  pov/e^^  factor  i.iay  be  Iot;.     The  best 
operating  condition  is  at  T:nity  pov/er  :^acto"^  v/hich  may  be  secured 
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at  aiuoRt  anv  load  deslT-ed  by  .^hanging  the  oxr'.itation  until  the 
output  vmtti'iet er'-  road  the  naine. 

.'^O.     ?h"  Ageing  or_  I"^on  in  ntatio    -^-"'nsf oTT.or  oores  in  a 
question  v/hich  haft  re^cantly  l^een  invent igated  thoriaughly.  It 
in  not  Jiov.'ovv^r ,  a  (!U(^ntion  v;?iioh  nhould  oaune  uneasiness  on  the 
part  or  the  user  of  transf  orin^^rs ,  of  any  type,heoause  of  the 
extreme  ca:^e  of  reliable  manufaijturers  in  securing    the  ^-^est 
por-sible  i::at t^r-iai  for  the  transforner  oor^es,  aiid  su^^sequent 
heat  t-^eatiaent. 
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CHAPTF.R  VIII. 

PRRFOP.MANCE  AND  Tl^^STING  OF  PHASE  TRAKSPORMKRS . 

.^1.     GeneT'al . —  The  nethorl  of  tenting  rha'^e  trans  formers 
varion  aoGording  to  the  tyi^e.  In  general  the  sane  considerations 
and  evaluation^  must  he  taken  into  aocount  in  the  performance 
and  testing  of  all  pha'-^se  transformers.  The  v/ritev  has  not  gone 
into  all  of  the  details  in  ^'egard  to  the  performance  and  testing 
of  th-e  several  diffeT>ent  tyioes  hut  some  of  the  features  of  the 
action  of  synchronous  pj^ase  converters  v;ill  ho  considered  in 
particular. 

32.     The  Performance  and  Testing  of  Synchronous  "Phase  Trans- 
■H    f ortaers  tales  into  consideration  the  frllov;ing  points: 

1.  Principles .methods ;  errors,  precision  of  measurements. 

2.  Pffeot  of  variables  on  performance;  volt ■  ge , frequency , 
excitation. character  and  amount  of  load,\7ave  form, etc. 

3.  VoltMge  regulation  and  r-atios. 

4.  Phase  relations  and  cha^^acteristics . 

5.  Efficiency  of, and  losses  of  machine  operated  under 
various  condition^. 

6.  Magnetic  determinations;  leakage, pot -^^ntial  distribution, 
induction  and  magnetization. 

7.  Armature  resist ance , inductance  and  reactions. 

8.  Specia.L  features,T"esults, deduction'^  and  conclusions. 
Some  of  the  above  points  ^ihrnve  enumerated  have  been  considered 
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in  iiyevio-cn  a"^t i rjlt^s , othopR  v/ill  be  taXen  up  in  the  performance 
and  tent  of  the  V'est inghouse  and  G'-^ne-pal  Flentrifj  rofeary  oonver- 
terR  af!  given  in  the  following  experiments. 

z^."^.     Experiment  1-io.l. —    The  V'ent inghou^e  10  hilo\/att 
rotary  conve-^ter  v/an  ope^'ated  as  one  to  two-phase  trans  former^ 
fields  separately  exv?ited , under  non-inductive  load.  Thin  con- 
sisted of  a  water  rheostat  iDlnced  in  each  phase  of  the  external 
circuit.  The  field  resistance ,  (hot  )  neasured  680  ohjine.  The  ma- 
chine \7as  started  as  a  direct-nu.T^pnt  mot ot", synchronized  and 
operated  -^f^  a  single-phase  moto"^'  generating  twc-phase  from  sl'j^~ 
rings  on  ^  and  thT-e  ^tv/o  ;md  fouT-.  The  single-phiise  rings  were 
one  and  three.  A  diagram  of  connections  is  shown  in  Flg.-^S 
Plate   9  ,page--f7  . 

.''^4.     l^Ixplanat ion  and  Discussion  of  Experiment  No.l.  Tables 
III.,  IV.,  and  V.give  respectively  corrected  oh^-e-rvationn , calcu- 
lated resvlts,and  values  t-^  be  platted.     This  is  the  order  of 
tabulated  datM  tliroughout  thin  series  of  experiments.     The  fol- 
lo'.,'ing  curves  have  also  been  platted: 

Serier-^  of  Pl-'itted  Results  for  Exp-eriment  ]Io.l. 
Plate   10    ,  Watts  lost,  ^Ixcitation  base. 

Plate  11    ,  Ti"ue  and  Appa-^e  -.t  Ef f iciencies , True  vratts  Input  Base.. 
Plate  12    ,  Input  hcT.-er  Facto-'",TT"ue  Watts  Ini^ut  Tlase. 
Plat!«  13    ,  True  and  Apparent  Watts  Input , Excitation  Ease. 
Plate  14    ,  Amperes  Input ,Exc it at  ion  Ease. 
Plate  15    ,  Voltage  Ratios,  Excitation  Base. 

Plnte  16    ,  Le'iding  anci  Lagging  Povz-^r  Factors  Excitation  Base. 

The  fiipld  loss  was  calculated  from  the  :^esistance  0^""  the 
field  and  exciting  current.  Armature  and  friction  losses  were 
r^iven  by  the  obsei^ved  input  v/ith  no  load  output.     The  total 
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TABLE  III. 


C 0  r  reefed  OSsor  v^t/on  5,  VJes  t/nc/?0U6  e  /OKW. 
One  to  Two- Phase  Traf?s /o  rmer  A/on- /nduct/ve 
Load  Je/7ara/e /y  £~xc/fed  Constc/nt Infiat 


INPUT 

OUPUT A 

OUTPUT  B 

B!6C. 

K 
n 

Them/tie  n 

t7)6m/)S»n 

2322 

/4o3  c 

4' 

2  /3 

/3^57 

ii7 

Vm 

Vm 

Am 

W/77 

)7\7m 

Am 

1 

3 

J" 

(> 

7 

9 

70 

/ 

471 

47  2. 

0 

4^79 

0 

0 

<fj 

470 

0 

0 

47 

0 

0 

0.5o 

3 

n  s 

47>^ 

0 

0 

4  F7 

0 

0 

O.f-0 

4 

4U 

/at 

46/)  0 

4^0 

3.0 

760  0  ' 

4-77 

^7 

7646 

0.50 

5 

f  ^/ 

46  dC 

4^0 

3.0 

76^0 

437 

 '-  L  

^.7 

P^^6 

6 

5" 

4  0  c  0 

4^0 

3.0 

mo 

4s-/ 

/  ^ 

r4o 

7 

41/ 

4000 

47>7 

3.0 

17^0 

4^7 

7^ 

7^0 

0.  76 

/ 

^^7 

//•^ 

4<!  c  a 

3.0 

/f-co 

4-^7 

^.  f 

46)0 

O-i-o 

? 

45-7 

743 

^  OC  D 

4.0 

7Ho 

46  7 

/,  3 

45  9 

^  OC  6 

4ts- 

4.0 

/740 

7. 

O-k  0 

II 

4S7 

74.2> 

4S-S 

Hoo 

447 

4  P 

^7:lo 

6/./>^ 

4i>7 

/s.  ^ 

/^O  GO 

4i>^ 

S~-3 

^000 

S~'  0 

77.76 

/J 

47/ 

77.  & 

4(>7 

/<f  00 

47  7. 

4. 

O.S  0 

/4 

46S 

7f.c 

^Oo  0 

46  ^ 

46 

f-  P 

3  6a  0 

a.s-o 

/s- 

4(>7 

/7<f 

96a  0 

4^  ^ 

Z4oo 

42.7. 

f./ 

a.  6  6 

U 

4isr 

7  fa 

S'oo  0 

47>C 

7-0 

3Z4o 

44  7 

&.f 

366  0 

C-7oSr 

fj 

79.3 

S'do  0 

47>C 

S-  0 

45-/ 

7.  ^ 

S^co 

o-  70 

// 

4^^ 

7c  60  0 

47>^ 

S'foo 

42  7 

3-  ^ 

{!7.T0 

// 

4('^ 

7fS 

/d^lOO 

47>o 

/J.  7 

7>4-6o 

4^3  7 

f.  / 

/A4  0 

0.7,0 

%o 

Zo.S 

7 00  0  0 

/4  5- 

^4-0  0 

4^3 

J  A 

Zl 

4u 

^/  3 

/ooo  0 

4^0 

5- 

4i5r 

1  s- 

/  Soo 

0.  76 
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o/  E X  /?e  r/mon  t  A/o  /. 


t         Z        3         4         5        6         7  S 


1^ 

S| 

^  S  X 

X  ^  > 

X  ^ 

o     ^  X 

S.I 

1 

^  $ 

X  V 

X 

^ 

X  ^ 
Si 

^  5: 

1 

^  «F  7 

0 

o 

o 

/7  o 

^    ^  LJ 

0 

o 

o 

_> 

V  f  ^  V 

5  i> 

/oL  w> 

0 

o 

o 

7  /)A 

T 

r  7<ro 

A  /t 

^  f  /  " 

A^b^  O 

(/  >  to  J  ^ 

C/ '  'J  C/  ^ 

(/■  7  J 

A  <rJt  5 
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A.  5  I 

i^7 

C/<  a  f  o 

/)  49 7 

U    f   1  f 

6-97 1 

7 

r 

/7.  7  X 

w>  J> 

^  J  o 

^  o  /■> 

A  A  2. 

f 

f,  0  0 

p 

0 

'y  /  ry  y. 

^       ^    ✓\  ✓! 

^/  A9  f. 

/  n  5' 
f  •  o 

9 

0  ^  O 

O  ■  f  ^ 

f7  0 
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f 

U  '  9  f 

f  ij 

L  PAT 

fi.lf 

U  *  I  ' 

A  9\ 

O  -  7  ~> 

1/ 
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/  ?  ^  7 

A  1  i_6 
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o.6>3^^ 

333 

0  97S^ 

t  f 

/J 

0-7  2.5- 

o44 

H4e 

0-  ^iS- 

0-70 

O.S74f 

0  9Cf 

Zi4s- 

0-7  73 

0-74^ 

0-9/2 

7 

U4o 

fi75% 

0-  7e. 

6-9(> 

n 

33'^ 

6/^0 

0-74 
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no 

/6/7a 

7^0  c 

0  74-  f 

^■935 

7  9AO 

0  7tS 

2/ 
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7  too 
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TABLE  V. 
Ma  lues  to  be  FLatte  d 

/or  £x /?er/ment  A'o  / 
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^x 
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O 
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I 

O 

o 

no 
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0 

0 
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4/70 
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0-93 

1 
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— 
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f 
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7 

1 
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/o 
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wa^tR  lont  e(iv.al6  Mie  Hura  of  the  fiolcl  and  arr.iature  and.  friction 

In  "-hiH  experiment , the  raaxim:m  ti^ue  and  appa-rent  effi- 
oiencies  are  T'eRpect ively  79,2  per  oent  and  76,2  per  nent  at 
0.60  amperes  exoi^ation  in  eaoh  caFie  rcjHpectively .     Thin  if-; 
near  the  normal  excitation  of  the  nachine  for  highesst  pov;er 
factor  aR  '-hov/n  by  Plates ,/3  ^  14  ^  and  /6  .     The  lowest  ef- 
ficiencies! and  2^ov;eT'  f  ctorn  occur  at  under-excitat ion  and 
over-excitation  of  the  field.     For  an  under-excited  field  a 
laggin,^  power  facto^  prevails ,;7hile  for  an  over-excited  field 
a  leading  power  facto"^  in  p-poduced  wh^ch  nay  be  the  sane  in  # 
ai.ount  a??  the  lagging  power  factor.  Betvreen  those  ex' reraes  an 
excitation  mHy-  be  foimd  ar  which  unity  power  facto'f  is  approx- 
imately obtained.     Plate        shows  the  excitation  '?o^  imity  power 
factor  to  be  between  0.60  .ind  0.65  ampere  for  loads  -ponging  be- 
tween 2  kilowatts  and  10  Kilovv-atts. 

Cu-r've  No. 5  on  Pl^^te/<f  shows  the  no  i isplacenc^nt  character- 
istic curve.  All  values  of  cur^^ent  to  the  left  o''  thir-;  curve 
are  ^07*  imder-excitat ion  of  the  field  while  similarly  all  values 
to  the  '^ight  are  for  over-excitation  of  t:ie  fielci.     In  the  for- 
mer case, we  have  a  lagging  phase  displacement  and  in  the  latter 
a  leading  ph'-'^^e  displacement.  As  the  value  of  the  lagging  cur- 
rent decreases  it  finr'lly  reaches  the  lowest  point  v/hen  it 
begins  to  irK;rease,  then    lo  longe-r'  a  lagging  but  a  leading 
curT^ent .  Since  the  lowest  vHlue  of  the  ^zurrent  lies  always 
in  the  no  displacement  curve  it?  is  evident  that  at  svch  points, 
corresponding  tc  a  certain  excitation, unity  po\;e-^'  factor  exists. 
By  means  of  this  series  of  curves  ^"s  shovm  for  E  'pe^iment  Mo.l, 
having  given  any  one  of  the  following  three,  power  factor. 


exo'tation.oT'  load  ^.ho  other  t\;o  are  dot e'^i::ine(i  directly. 

in  this 

?5.     The  Voltage  Regulat ion  Experiment  v/as  not  attempted. 
It  will  be  notioed  irom  an  examination  of  Table  Ili^ti^at  the 
input  and  output  voltages  resp  ctively  of  circuit  A  decreased 
in  the  same  ratio  as  the  load  v/as  correspondingly  increased ;  that 
is, the  voltage  :"atio  between  the  two  is  constant.  In  this  case, 
the  input  and  output  leads  coincide  both  being  taken  fron 
slip-rings      and  4,w'hile  the  other  circuit  o"  the  two-pgase  out- 
put, leg  B,  was  connected  to  riii^sl  rmd        This  explains  why  the 
voltage  ratio  in  the  one  cn^--^  i'^  unity  while    the  ratio  of  vol- 
tage. In  the  leg  13  to  that  of  ""ir;  input  vaT*ies  with  different 
loads  and  exciting  current.     As  pointed  out  in  Art. 21, this 
connection  of  the  circuits  is  evidently  the  most  economical, 
giving  the  best  heat  distribution  in  the  armature. 

36.     Ex]^erim.ent  jvo.2. —  The  same  apparatus  was  msed  in 
this  expe:^iment     .'^s  in  the  proceeding  one.     Similar  sets  of 
readings  were  taken  with  the  exception  that  in  this  case  the 
excitation  of  the  field  was  varied ,maint -'ining  meanwhile  a 
con^'tant  output.     Similar  curves  are  platted  as  listed  for 
Experiment  1  .pa;';e  ^ g  the  diagram  of  connections  T-em.aining  the 
same.  Thet^e  are  a  fev;    ma'f'ked  (differences  iii  some  of  the  cos- 
responding  ci-rver.  of  each  set, however.  In  this  test(>'0.2)  the 
maxim.um.true  and  apparent  efficiencies  more  nearly  approach  each 
other, for  the  corresponding   excitation  currents.  At  the  normal 
excitation  of  n.fio    ampere  the  maximi7in,true  and  apparent  effi- 
ciencies are  the  same  at  full  load,eacS  heing  81  ^er  cent. 

An  examination  of  the  pov/er  factor  curves  ob  Plate 
shows  that  ;'t  the  nori.ial  excitation  of  0.60  ampere    the  2}ower 
factor  is  compa-ra  ively  high  for  all  loads.     It  'ncreases  from 
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98  pel'  nent  at  2/5  full  load  to  99.5  per  vT(?nt  a^-  4/5  full  load, 
maintaining;  this  value  up  to  full  load  v;ith  no  apparent  decrea'-e 
At  an  under-exoit  at  ion  of  0.55  ampere  a  inaxiLivni  po\;er  faotoT>  of 
.97.5  i^e-''  r^.ent  is  -eached  at  4/5  full  load  v^hen  it  derireasen 
to  94.5  pt^r  eent  at  full  load.     Thin  d'^'oopin;^  of  the  pov;er  fact- 
or curve  before  reachinp;  full  load  ip.  not  oharact erif^t ic  of 
the  curves  for  other  values  of  the  exv^iting  r^uT^rent . 

Plate  <5  2  Rhov/R  the  ph^se  charaot erif?t ic  of  po\/er  factor 
foT  variable  excitation.  At  1/5  full  loaM  .unity  pov/er  Pastor 
occurs  at  0.5725  ampere  excitation;  at  2/5  full  load, 0.652  am- 
pe-ne  excitation;  at  ?;/5  full  load,  0.605  ampere  excitation;  at 
4/5  full  load, 0,625  aiiP^re  excitation  and  at  full  load  of  10 
l^ilo'/attR  imiti'-  po,;er  factor  ocGu/r'!-'  at  0.605  ampere  excitation. 

The  voltage  ratios  follov;  the  same  lav;  as  in  the  proceeding 
experiment . 

."^7.     Experiment  No. 3. —    'One  to  Threej-phase  T-^ansf ormat ion. 
The  machine  used  in  this  experiment  was  a  7  1/2  l-.ilOw'att  Geheral 
ElectT'ic  rotary  converter  refeT'rer!  to  in  Art. 19.  There  are  two 
converters    of  this  type  in  the  Rieotrical  Engineering  labOra- 
toryhaving  the  same  capacity  and  so  situated  \;ith  T^espect  to 
e!ich  other  as  a  mot or-£;enerat o-^  i-nit .     This  machine  as  a  i^hase 
converter  was  operated  self-excited  with  th  e  o'^.her  rotary  as 
a  va"^iable  reactive  load.     The  second  rotary  \/as  loaded  by 

banK  of  incandescent  Ir'mpr^  in  parallel  with  a  -.rater  rhestat 
and  v/as  kept  at  •)  constant  under-excitat ion  of  1.0  ampere  through- 
out the  test.     Readings  were  taKen  for  constant  -excitation  of 
1.0,  1.4,  1.6,  1.8,  and  1.95  amperes  re;^pect ively , f or  all  loads 
up  to  the  limi',  allov^ed  by  the  cu-^rent  aarrying  capacity  of  the 
armature.  The  following  curves  are  ])latted: 
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Plnte  24  ,No  Load  Ci;^ve.s  , Excit at  ion  T^ane. 
Plate  25  ,  Input  Pov/er  Factor, Truo  vratts  Input  Bap.e. 
Plate  27>  ,  Volt^-ige  Patios, True  V^atts  Input  Pane. 
Pl'^te  25  ,  True  Pff ioiencies , True  Watts  Input  Base. 

58.  The  input  voltage  was  Kept  as  nearly  oonstant  as 
por>-ihle  at  110  volts.     Tn  a  b^'^lanced  system  hhe  output  voltage 
fo"^  each  separate  phase  of    the  three-phase  circuit  should  he 
110  X  l/2f^  o^  94,6  volts.     The  57oltage  ratio  fo'^  phase  A 
varieci  riuch  mo-^e  than  ■'■hat  of  phase  P.     Pi/'p^hermore ,  the  voltage 
in  ]-)h?-ise  B    increases    :.ore  rapidly  as  the  excitation  or  load 

i«  increased, than  it  does  in  phase  A.  'Hhis  produces  a  greater 
difference  of  voltage  between  the  two  branches  of  the  three- 
phase  ci.T'cuit,     When  each  phase  of  the  external  ci'^ciiit  was 
equally  loaded  the  cbseTved  outpiit  voltages  v/er  not  the  sane 
as  required  by  the  theoretical  ratio.  They  should  be, however, 
practicalltr  realiz(^d  if  the  connections  betv.'een  slip-i*.ln  s  and 
anaature  v/inding  are  properly  made  for  a  true  three-p^ase  cir- 
cuit . 

59.  Refer"^ing  furthermore  to  the  pov/e^^  factor  curves 
platted  for  Pxperinent  5, or  true  \;atts  input  base  it  will  be 
seen  that  as  the  excitation  i^  increased  for  all  loads  ''he 
po  'er  factor'  corresrondinglt  increases.     The  powe^"  factm^  for- 
full  load  ou' put  was  not  obtained  beca\:se  of  the  excessive  cur- 
rent required  in  the  armature  at  that  load.     The  highest  power 

a  fetor  was/96  per  cent  at  almost  10  Kilowatts  input  for  an  ex- 
citation of  1.9")  amperes.  The  co^-responding  efficiency  for  the 
same  load    and  excitation  v/as  76  iier  cent. 

The  highest  maintained  efficiency  occurred  at  1.4  amperes 
excitation.     The  maEinum  efficienc^r  for  any  excitation  v/as  not 
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less  '-.Vnm  ''6  per  cent  or  greater  '.han  PO..^  ];eT  cent.     The  main- 
t  'inofl  and  i-iaxiniJin  erflciencies     in  'he  one  to  +-hree-phane  trana- 
formation  a-p^  higher  than  in  the  one  to  tv/o-phase  tran?'f orraat ion. 

40.  Expe?nnent  Mo.  4.     One  to  On  ^  Transf  oi^mat ion  ;  Gv'" — - 

inann •Experiment .     In  this  nerien  single-phase  current  v/as  applied 

'■c  the  coi!:ini."t  ato:^  end    "  ^  the  armature  of  tlie  General  I^lectric 

T'otc'-ny  and  single-phase  ta}:en  off  at  the  slip  rings  at  the  other 

end,     Thi^^  is  a  form  of  t:ie  so-called  Gutmann  Experiment,  Mr. 

Gutmann's  plan  heing  ultimately  to  effect, by  similar  means, one 

to  three-phase  conversion.     The  latter  combin'^t iOii  is  considered 

in  Experiment  No. 5, following.  The  objf^ct  in  ope■!-;^ting  the  mra- 

chine  in  this  "jay  as  a  one  to  ox■le-2V■-^;p!e  tr  ^nsf orme^^  wrs  to  detea? 

mine    the  voltage  and  current  ration  and  the  efficiency  of 

transf oTiii^'tion  at  several  loads  and  frequencies.  In  '■.his  case 

the  freciuency  could  be  altered    by  var-ying  the  speed  of  the 

by 

transformer  armature.  The  machine  was  :  .echanically  driven  \he 
other  General  Rlectric  rotary.  The  field  of  the    tr^  nsform.er 
was  unexcited  th  ough  an  inai^preciable  cur  -ent  v/as  induced 
therein  di'"ping  the  ojoeration.  A  diagram  of  connections  is 
shov/n  on  Plate       page;?3  . 

41.  It  y/as  found  in  the  above  example  that  v/ith  a  constant 
input  voltage  of  40  tiie  ovt'Ut  voltage  could  be  varied  through- 
out a  wide  range  above  and  below  the  input  voltage  by  corres- 
ponding changes  of  the  ;^peed  og  the  transf  ot-i  ,er  armati-T'e.  a  2:ow 
impressed  voltage  was  used  on  account  of  excessive  sparking  at 

the  corjnutator  b'^'unhes  rs  prndvcerl  by  highe*  voltages.  The 

lamp 

maohine  was  opei^ated  rnde-r  a  small  ban},  load.  The  following 
plates  of  curves  show  voltage  and  cu'^'^ent  ratios  and  in  ut  j.ower^ 
faGto:^  for  tjwo  separarate  loads, also  the  efficiency  on  true 
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watts  input  baf:o  fo-^  a  speed  of  2100  ''.P.M.  v/hioh  w'afi  the  high- 
est speed  at  which  the  '^onveyt  -i-r  v;as  operated: 


Plate 

27 

,  V'a^'ts  lost  in  Machine 

Plate 

27 

,  TT^ue  Efficiency 

PI      t.  P 

28 

Plate 

29 

,  Output  Powe-^  Factor. 

Plate 

28 

,  Volta^^e  Ratios. 

Plate 

28 

,  Current  Ratios. 

Plate  2*^m1so  shov;s  output  voltage  and  pov/e^'  factor  platted  on 
speed  base.  I  t  v;ill  be  noticed  that  the  input  pov/er  factor 
increases  as  -^he  speed  of  frequency  is  increased.  If  it  v/ere 
possible  to  increase  the  sp'-ed  at  will, a  point  might  be  -reached 
where  the  poweT  factoi"  vrould  be  unity.     Since  the  voltage  and 
cur-rent  increase    v/ith  the  speed     their  values  v/ould  be  ve-^/ 
laT'ge  for  an  input  7oov;er  factor  of  unity. 

42.     The  peculiaT'  shape  of  the  output  pov/er  factor  curves 
is  especially  noticeable  as  shown  on  Plate  It  is  seen, that 

as  a  'Thole,  the  vovre^  factor  incF?eases  r^s  the  load  is  increased; 
but  as  the  speed  increases, on  the  other  h''nd,the  i^owei^  facto^^ 
increases , -reaching  a  inaximvm  value, then  decreases  to  a  minimuin 
value  nnd  agfkin  increasing  to  another  maximum  value, once  more 
decreases.     The  i.iinirium  valv;e  of  the  power  factor  is  deterrdhed 
by  producing  the  t\To  b-^ahches  of  the  curve  until  they  intersect. 
The  cu-^ves  for  the  different  loads  are  syiornetrical  with  -^espect 
to  each  ot^ier  and  the  minimum  power  factor  occu^^s  at  a  s],>eed 
of  1600  R.M.]'.  in  each  case.  As  the  load  increases  and  the 
power  fact  or, as  a  whole  increases , the  curves  flatten  out  and 
it  is  pT«obable  that  were  unity  outjDut  pov/e-r  factor  obtained  the 
bT«ea}   in  the  middle  of  the  cu"rve  would  entirely  disappear.  It: 
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in  also  evirient  *ha*.  vie^e  the  npe'^d  inr^^'eanecl  ^^;  a  Ri-ff in iently 
high  point  the  succeeding  indulations  in  the  n^rvo  would  become 
smaller  and  smalle'r'. 

4."^.     By  means  of  an  oRcillogT'aph  of  the  Blondel  type, 
const-runted  and  operated  by  My.E .Bracken, ^^some  interesting 
E.M.F.v/ave  forms, taken  in  connection  v/ith  th^  operation  of  the 
tran^Sf ormer ,v/ere  secured.  These  wave  foT^ms  or  curves  may  o^fer 
an  e^^planation  of  some  of  the  peculiar  features  in  the  operation 
of  the  transformer  in  this  way. 

The  Fl.fi.F.  c  rves  are  show;:  on  Plate  3o  v;here  Curve  Mo.l 
is  the  input  E.M.F.  wave  t:-=.l-.en  ft^om  the  V^est inghouse  0-D  poten- 
tial transformer;  Ci:rve  No, 2  is  tlie  actual  input  E.M.F.  curve 
at  t  he  c  ommut  a  t  or  ;  Curv  e  W  o.7>  is  t  lie  s  ingl<l-pha  s  e  out  put  E.M.F. 
curve.     The  difference  between  the  tliree  curves  is  ai^i'iarent 
and  at  the  same  time  r'enarkttblB.  Trie  rotary  converter  has  the 
effect  0.^'  smoothing  out     Curve  No.l  to  some  extent  as  shown  in 
No. 2,  but  it  is  difficult  to  explain  why  the  out  ut  cu^"  e  should 
have  the  peculiar  form  that  it  does,     it  is  probable  that  it  is 
a  complex  periodic  curve  though  not  enough  of  the  wave  form  v;as 
taken  to  determine  tliis  absoli'tely.     The  ])eculiar  shaT-)e  of  the 
output  power  factor  curve  is  ]-robably  due  t  -  the  ccm.bined  effect 
of  the  output  E.M.F.  and  current  curves.     An  analyses  of  Curve 
No,.''^  shows  that  the  naxim.um  potential  rapidly  decreases  and 
it  is  safe  to  '^ssume  that  after  it  reaches    a  certain  minii;Km 
point  it  will  again  increase  in  valiie.     These  curves  v/ere  taken 
¥7hen  the  imp^r^essed  voltage  was  40  and  the  speed  1200  P. P.M. 

44    In  getting  the  true  efficiency  of  the  machine  as  a 

15.     Invest igj^tion  of  the  Wave  Forms  of  Alternators  and  Syn- 
chronous Converters  by  E.F.Bracl  en,UniV'^rsity  of  Illinois, 
June  1901 


FLAT  EXIT 


Cur\/e  / ^  O/yf/iut  Curve 
MVe 5t/ nohoi/se  O.D.  Transformer 


/            \              Curve      In/iuf  Ci/rve 
/                 \              at  Com m  u  fa  f  0  r , 

Curves^  < 

Out /7M  A  C i^TVe . 

phase  transformer  i*.  wov.lrl  be  neoesBa-py  to  raeasuT^e  the  mechan- 
ical pov/er  delivered  by  the  belt  from  -he  v-pii-e  mover, which  in 

in  ^hif-^  case  the  other  •^rotary    -onvorter.  Hence, the  total  input 
into  the  tranF?former  in  watts  woul-!  be  the  mechanical  input  f:^om 
the  belt  pluB  the  electric  input  at  the  commutator  of  the  T-otary 
transf o"pmer .     The  true  ^:;'Ticienny  of  the  t-^annformer  ia  the 
value  of  '  he  true  output  in  v/atts  divided  by  the  total  input 
injlvattn.  In  the  one  to  one  transformation  the  invi:t  of  the  ]^rime 
motor  was  not  me--isired  as  the  principal  object  of  thin  exper- 
imetnt  was  to  determine  voltage  and  current  -ratios. 

45.     Experiment  No. 5.     One  to    ;hree-Phase  Transf orm.at ion. 
The  same  method  o"  operation  v/as    used  in  this   --ase  as  ir  the 
pT'eceeding  experij^ent.  Plate  3/  shows  a  diagr^am  of  apparatus 
and  connections.  An  impressed  vltage  of  40  was  used  in  thi^ 
case  for  the  f^arae  T-eas'^n  as  exp^^essed  TSefore. 

In  order  to  determine  v/hether  or  not  a  thr.^=^-p]5ase  output 
was  actually  obtained, a  ring-coil , wound  throe-phase, v;as  connected 
to  the  output  leads  and  iron  filings  sprinkled  over  a  ^lann 
plate  rlMced  on  top  ^f  the  thrf^e-phase    coil.     The  filings 
immediately  arrang'^d  themselves  along  lines  charact e^^ist ic  of 
a  th'pee-phai^e  field  as  shovm  by  the  accompanying  bli:e-print . 

In  this  experiment , as  in  the  single-phase  transformation, 
the  output  voltage    varied  as  the  speed  of  the  machine.  The 
transformer  wj^s  loaded  non-induct ively  "hy  a  lamjj  banl.  and  water 
rheostat  in  parallel.  Owing  to  the  excessive  current  in  each 
output  ci"^cuit.the  machine  could  not  be  operated  at  above  one 
haJ-f  full  load,h'^nce  the  powe-r-  faeto^^  and  efficiency  curves  are 
somewhat  incomz'^lete.     The  input  voltage  v/as  1  ept  constant  by 
means  of  a  westinghouse  potential  -fegulator  connected  to  a  Vest- 
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ingh^ine  o.n.  trannfoTT'ie-r. 

The  tri'e  eff1r;ioncy  of  +.h«-i  nyF-tem  includeR  the  energy  ab- 
sorbed by  *-he  riiachin;^  'Iriviig  '/ne  -rota-ny  t -^ansroTTner.  Ourver;  have 
been  platted  showing  the  t-nae  effiriienc^y  of  t -^"HRf cTLiat ion  at 
no  load  ou'put  and  about  l/n  full  load  output.     The  efficiency 
of  transfo-^riat ion  is  much  g-^eater  than  '"he  effic.iency  of  the 
v/-:0le  nysten.     Curves;  a-^e  also  platted  on  a  ni^eed  oa-'-e  ^hov/ing 
variation  v;ith  the  speed  o"  voltage  T'nti-!  and  v/att.s  lost  at 
no  loa'l.  T^fTiciencT/  and  viOMie.T  fachoT'  curveR, alternating  GU"rrent 
input, direct  eurri^nt  input, total  input  an^^.  alternating  current 
output  in  v'p.tt^;  have  been  platted  on  ^ctal  v/attn  input  bane. 
The  noria-*^  1  speed  of  t\e  converter  is  1800  R.'^.M. 

F^om  an  exaraination  of  PJbate  3  5"  it  v/iil  be  Keen  that  the 
volt  ago  -patio  doef^;  not  reach  unity  in  any  case  b-  t  if  the  speed 
Yiere  increased  suffici-mtly  ^he  voltage    ratio  v/ould  be  much 
lesf--:  than  unity  and  unity  :oov/er  factor  night  be  obtainved.  It 
should  be  noted    that  the  no  load  powe-^  factor  curve  is  practi- 
cally a  straight  line  v/ith  no  effective  increase  or  dec-»^ease 
in  value. 

46.     Rxrerijjient  TIo.B.     Tv/o  to  Three  Phase  Transformation, — 
It  v/as  att er.i7:>t ed  to  ope^^ate  the  rotayy  converter  as  a  two  to 
three-phase  transformer  by  disconnecting  the  brushes  at  the 
co:ir:ivtatffir  end  of  the  a-piiiature  and  supplying  one-phase  to  each 
set  of  brushes.  In  testing  the  output  circuits  v/ith  the  three- 
phase  r^ing  coil  before  mentioned,  a  Tjeah  three-phase   "ield  v/as 
secuT«ed.  Tliis  fielM.  v/as  found  t^)  be  due     '.o  the  generation  of 
three-phase  cuT'rent'^^  in  the  ariiature    due  to  the  residual 
rnagnet i'--5m  in  the  field  coils.  The  field  coils  v/ere^nexcited . 
Fith  110  vol', R  pressure,  and  a  ci^rrent  of  20  amperes  input  in 
pR^h  of  tbp  ti7o-p3mRp.  rti-rr'.T.-it s , ncappi^eoiabl-^voltag^  or  3u?T?ent 
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\!Rfi  obtai v^ble  at  the  p.lte-'^nat ing  ouT-r-nnt,  nide.  Hotli  a  Cardew 

hot-v/i'^o  voltmeter  and  a  V'e^^ton  vol' meter  :iere  uRed  t-  detect 

the  volta?;e,if  any.  Di'-^in,?;  'he  operation  of  the  machine  the 

Rparl-ing  fit  the  brushes  v/as  excessive. 

47.     I""-,  is  to  he  regret tt^d  that  no  fiirth^^.-^  investigation  vras 
made  of  this 

^me^hod  of  pha^.e  transformation.  The  sin;''le  to  polyphase  opera- 
t  ions  were, experiment ally , '•ucoessful ,  though  the  efficiency  and 
pov/eT^    factor  of  t:!e  system  v/eT>6  very  lov/.  For  comr.iercial  \':o-r}\ 
thitt  method  of  2)hase  conversion  could  "f^eceive  no  consideration 
unle  s  a  reliable  self  start ing.,efficient  machine  v;ere  constru.ct- 
ed.  I'",  could  not  be  stated  positively  ^lihat  the  tv;o  to  three-phase 
conversion  of  phases  v;as  imponRibl??  in  '-his  case  as  the  inabil- 
ity'' to  secure  a  three-phase  output  may  have  b'^eri  due  to  some 
erro-o    in  connections.  At  any  rate    this  is  a  vor;*  interesting 
field  for  theoretical  and  experii.ient al  investigation. 


1 


CHAPT^^R  IX. 
A' PLICATIONS  OF  PHASE  TRANSFORMERS. 

48.     G- on  oral . . —    Tl^o  ayjlioationR  of  phaee  tranttforn.Ers 
have  boon  inliT-ectl^/'  mentioned  tii^oughout  this  vRri,^r    -nd.  very 
little  niore  need  be  Raid.  oonoe"^']"iing  th^ir  cormieroial  value.  As 
stated  in  Chai^te-^  V.  2^haRe  t-ransf o^^rriat ion  has  ruch  to  do  with 
econoraical  operation  of  alte^^nating  current  ht^ steins.  Especially 
i    the  electric  trarsni'^sion  and  distril^ut ion  of  energy  is 
the  phase  transformer  e'-'tremely  valuable  not  only  fo-^  eccnonical 
operation  but  al^o  in  regard  to  the  efficiency  of  the  f^ystem. 

0\;ing  to  the  iriperf oct ion  of^Mingle-phase  induction  motor 
it  has  been  attempted  to  constryct  a  one  to  tv/o-phase  ot"  a 
one  to  three-phase  static  tr-  nsf orme^" ,\7hiGh  would  operate 
successfully  on  single- phase  circuits  v/heTo  tv'o  and  three  phase 
ind.uctiof  motors  wey^e  used.  Although  Mr. Bradley  s^.  cceeded  in 
conr.truct ing  a  transformer  v.'hich  could        adjusted    fo^"  a  true 
t h"^'ee-phar:e  curT-e/it  at  different  iriotor  loads, it  has  not  been 
proven  to  be  -"jomme-^cially.  successful  on  account  of  the  imperfect- 
"i  on  of  the  conden^^er.  A  rotary  one  to  three-pgase  converter 
culd  be  i-sed  successA  lly  in  this  case  as  far  as  phase  trans- 

fo-^Tr.at  ion  is  concerned  but  .wi  this  on  no  the  first  cost  of 
the  machine, efficiency, and  cost  of  operation  must  be  figured. 
uiTon , 

There  nve  man^''  pov/e-r  transmission  plants  where  the  phase 
transformer  would  be  consider^^d, at  present, to  be  indisixensible. 
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The'^e  if?  a  \7i'U^  field  fo'r  t'le  v.f^f^.  or  phane  ^■pan^•f oTTierf:?  in  the 
future  foT'  T>olyp!iaf?e  (Tleotyir?  railvmyn.  in  the  advent  of  trie 
perfection  of  a  x'-ariable  npeed  polypha.se  :.;otor  "or  railv/ay  v/orK 
the  pha^e  tran^f o'^ner  v;ill  have  an  added  value  in  the  transmiR- 
Rion  and  distribu  ion  of  electrie  energ: . 

The  ^AmchronouR  phase  conve-rter  has  the  double  value  as  a 
phase  tTT-nsf ormer  and  direct  cuv-^ent  generator  at  the  same  time. 
This  enables  its  installation  in  places  V7here  its  use  siuply 
■IS  a  'hase  converter  or  a  direct  current  generator  would  not 
be  economical . 
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